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Abstract 
A series of lanthanide metal amides have been synthesized by treating sodium 
or potassium amides with the appropriate lanthanide chlorides LnCls ( Ln = Y, Ce, 
Nd，Sm, Eu，Gd, Dy, Er and Yb ). The catalytic properties of the lanthanide amido 
complexes towards ring-opening polymerization of 8-caprolactone have also been 
investigated. 
In Chapter 1，the synthesis and structures of the sodium and potassium 
amides [{M(L^)(TMEDA)}2] [M = Na (3)，K (5); L! = N(SiBu'Me2)(2-C5H3N-6-Me)] 
and [Na(L^)(TMEDA)] [L^ = N(SiBiAle2)(8-C9H6N)] (7) are described. 
Compounds 3, 5, and 7 were prepared by direction metallation of the corresponding 
A^-substituted aminopyridine or aminoquinoline with ^i-butyl-sodium or -potassium 
in hexane. 
Chapter 2 describes the synthesis and structures of homoleptic lanthanide(III) 
metal amides [Ln(L^)3] [Ln = Y (10)，Ce (11), Nd (12)，Sm (13)，Eu (14)，Gd (15)， 
Dy (16), Er (17) and Yb (18)]. Moreover, the heteroleptic lanthanide(III) metal 
amides [(L^)2Ln(^-OBu^)2M(TMEDA)] [Ln = Ce, M = Na (19); Ln = Nd, M = Na 
(20); Ln = Nd, M = K (21)] and [{(L^)2Sm(ja-Cl)(THF)}2] (22) are described. The 
catalytic properties of these lanthanide(III) amido complexes towards ring-opening 
polymerization of e-caprolactone have also been investigated. 
Chapter 3 deals with the preparation pyridine-zinc chloride complexes. The 
ii 
zinc(II) chloride adducts [ZnCl2(L”H)2] [L^H = NH(SiBiAle2)(2-C5H3N-6-Me) (23)， 
L^H = NH(SiMe3)(2-C5H3N-6-Me) (24)] have been synthesized and structurally 
characterized. Subsequent reaction of [ZnCl2(L^H)2] (24) with ArSLi (Ar = 
2,4,6-BuSC6H2) or Ar^ 'OL i (Ar^ ' = 4-Me-2,6-Bu'2QH2) gave the novel 
three-coordinate zinc(II) dithiolate [Zn(SAr)2(L^H)] (25) and bis(aryloxide) 
[Zn(OArMe)2(L3H)] (26), respectively. 
iii 
摘要 
通過取代的胺基鋼或胺基钟與相應的氯化鋼化合物LnOb ( Ln = Y，Ce, 
Nd，Sm, Eu, Gd, Dy, E r 和 Y b )反應，一系列的鋼系胺基金屬配合物被合成。 
并對這類化合物與S-己内醋的開環聚合催化的作用進行研究。 
第一章講述取代胺基納和胺基钟類化合物 [ {M( l1 ) (TMEDA)}2 ] [M = Na 
(3), K (5); L i = N(SiBu'Me2)(2-C5H3N-6-Me)] and [NaL^TMEDA] [L^ = 
N(SiBu'Me2)(8-C9H6N)] 0�的合成及晶體結構。直接用正丁基納或正丁基钟對 
N-取代的胺基吼咬或胺基。$琳進行金屬化作用，化合物3 ’ 5 和 7 被 合 成 。 
第二章講述了均一配位的鋼系胺基金屬配合物 [Ln(L i )3 ] [Ln = Y (10)，Ce 
(11)，Nd (12)，Sm (13), Eu (14)，Gd (15)，Dy (16)，Er (17) and Yb (18 ) ]的合成及晶 
體結構。同時混合配位的鋼系胺基金屬配合物 [Ln(L i )2(M-OBu)2M(TMEDA)] 
[Ln = Ce, M = Na (19); Ln = Nd，M = Na (20); Ln 二 Nd, M = K (21) ]和 
[{Sm(L')2(^-Cl)(THF)}2] (22)被合成和表徵。這兩類纖系胺基金屬配合物對s -
己内醋的開環聚合催化的作用被研究。 
第三章講述了取代胺基吼咬氯化鋅配合物 [ Z n C l 2 ( I / H ) 2 ] [LIH 二 
NH(SiBu'Me2)(2-C5H3N-6-Me) (23)，L^H = NH(SiMe3)(2-C5H3N-6-Me) (24 ) ]的制 
備及晶體結構。通過硫紛鍾ArSLi(Ar = 2，4，6-BuSC6H2)或紛鋰Ar^eQLi (Ar^e = 
4-Me-2,6-Bu'2C6H2)與 [ZnCl2(L3H)2]的反應分別得到了兩個新型的三配位的 
二 硫 紛 辞 類 配 合 物 [Zn(SAr)2(L3H)] ( 2 5 ) 和 雙 芳 紛 鋅 類 配 合 物 
[Zn(0Ar^")2(L^H)] (26)。 
iv 
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Ar aryl (or 2’4，6-tri"e"-butylphenyl) 
Ar^e 2,6-di-rer/-butyl-4-methylphenyl 
br broad 
°C degree Celsius 
calcd calculated 
d doublet (NMR) 
dd doublet of doublet (NMR) 
dec. decomposed 
DME dimethoxyethane 
EI electron impact 
equiv equivalent 
Et ethyl 
Et20 diethyl ether 
HMPA hexamethylphosphoramide 
Hz Hertz 
lo No. of moles of initiator 
J coupling constant 
m multiplet 
M+ parent peak 
Me methyl 




Mo No. of moles of monomer 
MS mass spectroscopy 
Mw average molecular weight 
Mw/Mn molecular weight distribution 
yn/z mass to charge ratio 
nm nanometer 
NMR nuclear magnetic resonance 
Ph phenyl 
P 一 isopropyl 
Py pyridyl 
PMDETA N,N，N，,N，,N” - pentamethyldiethylenetriamine 
R alkyl group 
Rh hydrodynamic radius 
Rg radius of gyration 
R.T. room temperature 
s singlet (NMR) 
t triplet (NMR) 
THF tetrahydrofuran 




METALLATION OF AMINOPYRIDINE AND 
AMINOQUINOLINE 
1.1 INTRODUCTION 
1.1.1 General Background 
A metal amide is defined as a compound which contains one or more amido 
ligands ( ) bonding to the metal center. Typical examples of amido ligands 
are 1^2 , NHMe, NMe2, Wh2, N(SiMe3)2. In general, amido ligands can exhibit 
a number of bonding patterns (Chart 1-1). Structure I shows a pyramidal nitrogen, 
which is approximately sp^ hybridized, a-bonded to a metal center. Structure I I 
illustrates the possibility of ；r-bonding, involving overlap of a ；?-orbital, which is 
orthogonal to the trigonal plane of the nitrogen atom, with the appropriate valence 
orbitals of a metal atom. In structure I I I , the amido ligand behaves as a bridging 
moiety. 1 
. N — M R 、 , . P w \ ,、、、M 
R、、7 Z N — M / N 
R R R Z \ M 
I II III 
Chart 1-1 
Amido ligands have been extensively studied and shown to stabilize metal 
complexes with unusual bonding patterns, coordination numbers, and oxidation 
1 
states. 1 Numerous metal amides have been reported in the literatures.^ The first 
metal amide, [Zii(NEt2)2], was reported by Frankland^ in 1856. In 1935, Dernier 
and Femelius reported the titanium amide [Ti(NPii2)4].3 Since then, no transition 
metal amides have been reported until the late 1950，s. Lanthanide metal amides 
were reported in the 1970，s by Bradley et al. and Hursthouse et al ^ By 1980，only 
few structural data of late transition metal amides have been reported. To date, a 
number of transition metal amides have been synthesized and structurally 
characterized, la This may be attributed to a rapid development in the area of X-ray 
crystallography and crystal mounting techniques in the past twenty years. 
Lithium amides play a key role in both organic and inorganic syntheses.i 
They can be readily prepared by lithiation of the corresponding amines with LiBu". 
In spite of their importance, progress in structural studies of these compounds has 
been slow, as compared to those of lithium alkyls and aryls产 工。 A 
comprehensive study of metal amides published in 1979 listed only one structural 
study of lithium amide, namely that of the trimeric [LiN(SiMe3)2]3.i’ $ By 1983，the 
structures of approximately ten lithium amido complexes have been reported. In 
the past decades, there has been a dramatic increase in the structures of these 
compounds. 1 
2 
1.1.2 A Brief Review on Sodium and Potassium Amides 
Apart from lithium amides, the chemistry of sodium and potassium amides 
has also attracted considerable interests. The heavier alkali metal amides have been 
shown to have wide-spread applications in amide transfer, metallation and 
polymerization i n i t i a t i o n . I n contrast to their lithium counterparts, reports on 
the structures of sodium and potassium amides are rare. This may be attributed to a 
higher sensitivity of the heavier alkali metal amides than their lithium analogues 
towards moisture and oxygen. Since the M - N bond of the heavier alkali metal 
amides are primarily ionic in nature, their structures are highly dependent on the 
electronic and steric properties of the substituents on the nitrogen center, as well as 
the presence of donor ligands, such as THF, TMEDA, PMEDTA，and HMPA, 
coordinating to the metal center. Table 1-1 lists some examples of amido 
complexes of sodium and potassium. 
Muley et al have reported the synthesis and structures of several sodium and 
potassium amides, namely [{Ph(2-NC5H4)N}Na • 3HMPA • Na{N(2-NC5H4)Ph}],^ 
[{Ph(2-NC5H4)NNa . PMDETAjz],^ [{Me(2-NC5H4)NNa . T M E D A h ] / and 
[{Ph(2-NC5H4)NK • TMEDA}2].7 Nevertheless, not more than thirty sodium and 
potassium amides have been structurally characterized in the past decade. 
3 
Table 1-1. Examples of Amido Complexes of the Heavier Alkal i Metals. 
Compound Degree of aggregation Ref. 
[{Pii(2-NC5H4)N}Na • 3HMPA • Na{N(2-NC5H4)Ph}] dimeric 6 
[{Ph(2-NC5H4)NNa-PMDETA}2] dimeric 6 
[{Me(2-NC5H4)NNa. TMEDA}:] dimeric 7 
[{Ph(2-NC5H4)NK. TMEDAh] dimeric 7 
[NaN(SiMe3)2]cc polymeric 8a 
[KN(SiMe3)2]2 dimeric 8b 
[{PhN(H)Na • PMEDTAh] dimeric 9 
[{Na(NPr'2)(TMEDA)}2] dimeric 10 � 
[{Ph(Me)CNC(H)Ph}Na • PMDETA] monomeric 11 
-[Na(12C4)2][Na{PyN(SiMe3)}2(THF)] monomeric 12 
[{K[PyN(SiMe3)](12C4)}2] dimeric 12 
[{Na{N(SiBu'Me2)(2-C5H3N-6-Me)}(TMEDA)}2] dimeric This work 
[{K{N(SiBu'Me2)(2-C5H3N-6-Me)}(TMEDA)}2] dimeric This work 
[Na{N(SiBu'Me2)(8-C9H6J^}(TMEDA)] monomeric This work 
The preparation and molecular structures of [{Ph(2-NC5H4)N}Na • 3HMPA • 
Na{N(2-NC5H4)Ph}], and [{Ph(2-NC5H4)NNa • PMDETAh] were reported by 
Muley etal. in 1990 (Scheme 1-1).^ 
/ V z 〇 \ / O r N \ p < L W 
( " p N � � > � H 广(NZ a r > j 
\ = J P(NMe,K V u \ 丨 N N k 




In the same year, the molecular structure of the iinsolvated [KN(SiMe3)2]2，�
and that of 7V-sodioindole . TMEDA^^ were reported by Hanusa et al and Schleyer 
and co-workers, respectively (Scheme 1-2). 
. . . . ( p , 
V k \ / r \ 八 / 
W K \藝3 / 乂 \ J 
C P 
Scheme 1-2 
One year later, Muley et al. reported the preparation and structures of 
[{Me(2-NC5H4)NNa . TMEDAh ] and [{Ph(2-NC5H4)NK . TMEDAjz].^ The 
sodium anilinide [{PhN(H)Na . PMEDTA}〗] was reported by the same research 
group in 1995.9 The molecular structure and reactivities of the sodium 
diisopropylamide complex [{Na(NPr'2)(TMEDA)}2] were reported by Andrew et al. 
in 1996 (Scheme l-3).i。 
Recently, the crystal structure of [{Ph(Me)CNC(H)Ph}Na . P M D E T A f has 
been reported. Clegg and coworkers have also reported the synthesis and structures 
of [Na(12C4)2][Na{PyN(SiMe3)}2(THF)] and [{K[PyN(SiMe3)](12C4)}2] •2PhMe 
(12C4 = 12-crown-4)i2 (Scheme 1-4). 
5 
V l x 、 j i x i v 
r ^ f iT T II I 
厂 \ 〈 \ 丨 y 
a \ \ n j 
T I z / \ 
Scheme 1-3 
r ^ ‘ 
/ I 力 [Na(12C4)2]+ Na 〇 
^ /^K� 八�
、 N N - Me3Si-^N N 
Z \ N � / \ T ] 
M e s S i 、 人 N 。 门 
广 N 丫 N 、 M e 3 
Scheme 1-4 
6 
Apart from the homoleptic alkali metal amide, Will iard et al also reported 
the synthesis and structure of a mixed alkali-metal bis(trimethylsilyl) amide (Scheme 
1-5).I4 
CMegSi、^SiMe3 
,、 义 〜 Ml M2 
M2〔 Li K 
广 O , Li Na 




1.1.3 Preparation of Sodium and Potassium Amides 
A number of synthetic routes are available for the preparation of sodium and 
potassium amides. The two most commonly employed methods involve: 
1) Transmetallation 
Transmetallation includes (i) salt elimination (Scheme 1-6) and (ii) 
metathetical exchange (Scheme 1-7). 
(i) Salt elimination 
HNRR丨+ UBu" LiNRR' + C^Hio 
HNRR' + Na已u" ^ NaNRR' + C4H10 
HNRR丨+ KBu" ^ KNRR' + C^Hio 
Scheme 1-6 
Direct lithiation of an amine with LiBu" is the most straightforward and 
commonly used method for the preparation of the corresponding lithium amide. 
Similarly, sodium and potassium amides can prepared by metallation the appropriate 
amines with NaBu" or KBu".^^ ^-Butylsodium and -potassium can be readily 
prepared by treating 77-butyllithiiiin with sodium and potassium z^erf-butoxide， 
respectively” 
8 
(ii) Metathetical exchange 
LMX + L'M'(NRR') LM(NRR') + L'M'X 
n LMX + M'(NRR% ^ n LM(NRR') + M'X, 
(X = halogen，alkoxide, or alky!) 
Scheme 1-7 
In the mid 1960,s，Lochmann et al ^^^ ^nd Schlosser et al ^^ ^ reported that 
a very strong deprotonating reagent, which are very useful in organic and inorganic 
synthesis, could be formed when combining an equimolar amount of a sodium or 
potassium alkoxide with an alkyllithium compound. Similarly, the addition of 
alkali-metal alkoxides to lithium amides also enhances the deprotonation ability of 
the amido bases」*’ i?，is as a result, sodium and potassium amides can be readily 
prepared by treating the corresponding lithium amides with NaOBu^ or KOBu^ 
2) Hydrogen elimination 
Sodium and potassium amides can also be prepared by the reaction of amines 
with sodium or potassium hydrides (Scheme 1-8). 
LMH + HNRR' ^ LM(NRR') + H? 
Scheme 1-8 
This method offers the advantages of quantitative yield and the ease of 
product purification. 
9 
1.2 RESULTS AND DISCUSSION 
1.2.1 Synthesis of [NH(SiBu'Me2)(R)] [ R = Z-CsEbN-G-Me (1), 8-C9H6N (2) ] as 
Ligand Precursors 
The bulky aminopyridine [NH(SiBu^Me2)(2-C5H3N-6-Me)] (L^H) (1) was 
t 
prepared as shown in Scheme 
(i) UBun，TMEDA，Et^O ’ 0 °C r ^ ^ 





Lithiation of 2-amino-6-methylpyridine with LiBu" (1.6 M in hexane) in the 
presence of the Lewis base TMEDA, followed by quenching of the resultant mixture 
with excess Bu'Me2SiCl in diethyl ether gave a yellow solution with a white 
precipitate. The yellow solution was filtered and from the yellow filtrate, 
compound 1 could be isolated as a colourless viscous liquid by vacuum distillation at 
59-60。C (0.01 mmHg) in 90 % yield. 
The bulky aminoquinoline [NH(SiBu'Me2)(8-C9H6N)] (L^H) (2) was 
prepared by a similar procedure as shown in Scheme 1-10.^^ 
(i) LiBu" , TMEDA，Et2〇，0 °C 






Addition of 1.1 equiv of LiBu" (1.6 M in hexane) to a solution of 
8-aminoquinoline in diethyl ether in the presence o f T M E D A at 0。C gave a deep red 
solution, which was quenched with excess Bu'MezSiCl. By an analogous work-up 
procedure as for 1, compound 2 was isolated as a yellow viscous liquid by vacuum 
distillation at 118-122。C (0.01 mmHg) in 95 % yield. 
1.2.2 Synthesis of Sodium and Potassium Amido Complexes Containing the 
Pyridine-Functionalized Amido Ligand [N(SiBu'Me2)(2-C5H3N-6-Me)厂 
1.2.2.1 Sodium Pyridyl Amido Complexes 
Attempted preparation of a sodium pyridyl amido complex derived from L^ 
by direct reaction of LiL^ with NaOBu^ was unsuccessful (Scheme 1-11)/ 
Accordingly, direct metalation of compound 1 with NaBu" was studied. 
[(LiLi)2] + NaOBu^ h e x 大 0 _ ^ [ ( N a U y + LiOBu^ 
Scheme 1-11 
Addition of 1, in the presence of TMEDA，to 1.2 equiv of NaBu” in hexane, 
followed by stirring of the reaction mixture at room temperature for 3 hours gave 
compound 3 as colourless crystals (Scheme 1-12). Compound 3 is a very 
air-sensitive compound, which is very soluble in all hydrocarbon solvents. X-Ray 
diffraction study revealed that compound 3 is a binuclear compound with one 
TMEDA ligand ligating to each sodium atom {vide infra). 
In the absence of TMEDA, compound 1 reacted with a slurry of NaBu" in 
11 
toluene to give the donor-ligand-free NaL! (4)，which was isolated as a white solid. 
Attempts to obtain good quality crystals of 4 for X-ray diffraction study were 
unsuccessful. Both compounds 3 and 4 are more sensitive towards air than their 
l ithium counterparts. They have been characterized by mass spectrometiy, H and 
13。NMR spectroscopy, elemental analysis, in addition to single-crystal X-ray 
diffraction studies (for 3). 
(i) / V ' \ 力 
/ ^ f �Na NaC J 
厂Y N Y 
乂 K 人 聽 e 2 ~ ( ^ ^ ^ 
N 口 \ 3 





Scheme 1-12 (i) NaBu", TMEDA, hexane，0 °C; (ii) NaBu", toluene. 0 °C 
1.2.2.2 Potassium Pyridyl Amido Complexes 
Attempts to prepare potassium amides derived from L^ by the reactions of 
KOBu^ with Li(L^) were also unsuccessful (Scheme 1-13). Therefore, direct 
metallation of L^H with KBu"" was studied. 
[ ( L i U y + KOBu^ _ _ ^ [ ( K u y + LiOBu' 
Scheme 1-13 
12 
Treatment of 1 with KBu" and TMEDA in hexane gave compound 5 as 
colourless crystals (Scheme 1-14). Compound 5 is very sensitive towards moisture 
and oxygen. It is very soluble in all hydrocarbon solvents. X-Ray diffraction 
study revealed that 5 is a binuclear compound with one TMEDA ligand coordinating 
to each potassium center (vide infra). 
In the absence of TMEDA, treatment of 1 with KBu" gave compound 6 as a 
white solid. Attempts to obtain good quality crystals of 6 suitable for X-ray 
analysis were unsuccessful. Both 5 and 6 are more sensitive to air than their lithium 
and sodium counterparts. They have been characterized by mass spectrometry, ^H 
and 13c N M R spectroscopy, and elemental analysis. Table 1-2 lists some physical 
properties of compounds 3-6. 
• ^ N 人 N 力 B _ e 2 
\/ K \/ 
/ r N V 
^ ^ / Me^Bi/Si/N 丫 N y 
^ « \ A 
1 \ 




Scheme 1-14 (i) KBu", TMEDA. hexane, 0 °C; (ii) KBu", toluene, 0 °C 
13 
Table 1-2. Some Physical Properties of Compounds 3-6. 
Compound Yield (%) Colour M.p. (。C) 
3 88 colourless crystals 93-94 (dec.) 
4 85 white solid 93-94 (dec.) 
5 70 colourless crystals 115-116 (dec.) 
6 77 white solid 189-192 (dec.) 
14 
1.2.3 Synthesis of Sodium and Potassium Amido Complexes Containing the 
Quinoline- Functionalized Amido Ligand [N(SiBu'Me2)(8-C9H6N)厂 
1.2.3.1 Sodium Quinolyl Amido Complexes 
A slurry of NaBu” in Et20 was added to a solution of 2 in Et20 at -78。C 
yielding [Na(L^)(TMEDA)] (7) as orange crystals (Scheme 1-15). Compound 7 is 
insoluble in hexane，slightly soluble in benzene and toluene, and soluble in EtzO and 
THF. X-Ray dif&action study revealed that 7 is a mononuclear compound wi th one 
TMEDA ligand binding to the sodium metal center (vide infra). Besides, 
compound 7 has also been characterized by mass spectrometry, ^H and ^^C N M R 
spectroscopy, and elemental analysis. 
The donor-ligand-free sodium quinolyl amido complex Na(L ) (8) was 
isolated as an orange solid by treating a solution of L^H with NaBu" in Et2〇 at -78 
。C. Attempts to obtain good quality crystals of 8 suitable for X-ray analysis have 
been unsuccessful. Compound 8 has been characterized by mass spectrometry and 
elemental analysis. 
R Q 
、 / ^ n Z S 旧 u 後 2 
, ( i ) ] \ / 
/ Na 
/ / \ 
/ � N NC： 
N—S 旧 u似e, \ 7 
H 2 \ 72 % 
2 \ (ii) , 
\ Na{N(S 旧 i^ MeaXS-CgHsN)} 
8 
80 % 
Scheme 1-15 (i) NaBu: TMEDA, E i ^ O , -78。C (ii) Na已u", Et2〇’ -78 °C 
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1.2.3.2 Potassium Quinolyl Amido Complexes 
Treatment of 2, in the absence o fTMEDA, with 1.2 equiv o fKBu" in Et20, 
followed by stirring at room temperature for 3 hours gave K(L ) (9) as an orange 
solid (Scheme 1-16). Compound 9 is very sensitive towards air. It is insoluble in 
hexane, slightly soluble in benzene and toluene, and soluble in Et2〇 and THF. 
Attempts to obtain good quality crystals of 9 suitable for X-ray diffraction study have 
been unsuccessful. Compound 9 has been characterized by mass spectrometry and 
elemental analysis. 
Attempts to synthesize potassium quinolyl amido complex，by addition of 2， 
in presence of TMEDA, to 1.2 equiv of KBu" in EtiO was unsuccessful An 
orange-red solid of unknown identity was isolated after the reaction. It ^HNMR 
spectrum showed a complex spectral feature with unassignable peaks. Table 1-3 
lists some physical properties of compounds 7-9. 
1 T I KBu" I� ？�
z 八 力 » K{N(S旧u〖Me2)(8-C9H6N)} 
EtjO, -78。C 9 




Table 1-3. Some Physical Properties of Compounds 7-9. 
Compound Yield (%) Colour M.p. (。C) 
7 72 orange crystals 140-142 (dec.) 
8 80 orange solid 235-236 (dec.) 
9 70 orange solid 256-258 (dec.) 
16 
1.2.4 Physical Characterization of Compounds 3-9 
Compounds 3-9 have been characterized by ^H and ^^ C NMR spectroscopy, 
mass spectrometry，and elemental analysis, in addition to single-crystal X-ray 
diffraction analysis (for compounds 3, 5, and 7). 
1. NMR Spectra: 
The ^H and ^^ C NMR spectral data for compounds 1-9 are summarized in 
Table 1-4. 
a) ^H and ！化 NMR spectral data for compounds 3-6 
The ^H NMR spectra of compounds 3-6 show two singlet signals in the range 
of 0.19 - 0.36 and 1.00-1.19 ppm，which are assigned to the Me and Bu' substituents 
of the SiBu'Me2 group, respectively. This indicates that the two Me substituents on 
each SiBu'Me2 group are magnetically equivalent/ The TMEDA ligand of 
compound 3 elicits only one singlet signal at 1.18 ppm, whereas that of compound 5 
elicits one set of signals at 1.85 and 1.90 ppm. The signal for the 6-Me substituent 
on the pyridyl ring falls within the range 2.10 - 2.33 ppm. The pyridyl protons of 
3-6 show three sets of signals at around 6.03 - 7.13 ppm. The ^^ C spectra of 3-6 are 
normal. The low intensity of the signals due to the quaternary carbons in the Bu^ 
and C5H3N moieties is due to their slow relaxation rate. 
• Non-equivalence of the two Me substituents on the SiBii'Me〗 group has been observed in the 
cis-dioxo-Mo and -W complexes [MOjL'：] (M = Mo, W) due to the presence of the chiral metal center (Ref. 
20). 
17 
h) ^H and NMR spectral data for compounds 7-9 
The ^H N M R spectrum of compound 7 show only one singlet signal at 0.48 
ppm, which is assigned to the two Me substituents of the SiBu丨Me〗 group. This 
also indicates that the two Me substituents of the SiBu^Me: group are magnetically 
equivalent，as in the cases of 3-6. The singlet signal at 1.32 ppm corresponds to the 
Bu^ substitent. Two singlet signals for the TMEDA ligand are observed at 1.77 to 
1.83 ppm. The quinolyl protons show six sets of signals at 6.72 - 7.97 ppm. The 
13。NMR signals are normal. 
The ^H N M R of compounds 8 and 9 show broad signals at ambient 
temperature, indicating that the compound may be either fluxional or exchange 
processes may be occurring. This phenomenon has also been observed in the 
2 19 compound [(LiL )3]. 
2, Mass Spectra (EI，70 eV): 
None of the compounds 3，5，7, 8 and 9 show parent peak signal [MT] in their 
mass spectra. However, fragmentation peaks such as [M-TMEDA-Na]+，�
>I-TMEDA-K]+ were observed. Both compounds 4 and 6，on the other hand, 
























































































































































































































































































































































































































































































































































































































































































































































































2.2.5 Molecular Structures of Compounds 3，5，and 7 
L The molecular structure of f{Na{N(SiBu'Me2)(2-C5H3N-6-Me)}(TMEDA)}2J (3) 
The molecular structure of compound 3 with the atom-numbering scheme is 
shown in Figure 1-1. Selected bond distances (A) and angles (。）are listed in Table 
1-5. The dimeric compound 3 crystallizes in a triclinic crystal system with space 
group p T. The two amido ligands L^ bridge between two sodium metal centers 
though their pyridyl nitrogens. Coordination of the amido nitrogen from L^ and a 
bidentate TMEDA molecule results in a five-coordination environment around each 
sodium metal center. 
The average Na-Namido bond distance [Na(l)-N(2)] for compound 3 is 2.606 
A. It is longer than that of 2.439(7) A in [{Ph(2-NC5H4)N}Na • 3HMPA . 
Na{N(2-NC5H4)Ph}]6 and slightly longer than that of 2 . 5 4 6 ( 2 )人 in 
[{Ph(2-NC5H4)NNa . PMDETA}2].^ It is also longer than that of 2.45 人（average) 
in [{Me(2-NC5H4)NNa . T M E D A h ] / 2.417 A (average) in [{PhN(H)Na • 
PMEDTA}2]，9 2.382(2) A in [{Ph(Me)CNC(H)Ph}Na . P M D E T A ] : and 2.404 A 
(average) in [Na(12C4)2][NaPyN(SiMe3)]2(THF)].i2 In sodium diisopylamide 
•{(Pr')2NNa(TMEDA)}2]io and the related sterically-hindered sodium amide 
[{Cy(Pr')NNa(TMEDA)}2]，io the respective Na-Namido bond distances are 2.447 入 
(average) and 2.441 人（average) are shorter than that observed for compound 3. 
The discrepancy in the Na-Namido bond distances among these complexes may be 
20 
attributed to the steric bulkiness of the ligands around the sodium metal center. 
The Na-Npyridyi bond distance of 2.464 A (average) in compound 3 is only 
marginally longer than that of 2.452 人（average) in [{Ph(2-NC5H4)N}Na . 3HMPA • 
Na{N(2- NC5H4)Ph}].6 However, it is slightly shorter than that of 2.666 A (average) 
in [{Ph(2-NC5H4)NNa • PMDETAjs],^ 2.693 A (average) in [{Me(2-NC5H4)NNa . 
TMEDA}2],7 and 2.498 A (average) in [Na(12C4)2][Na{PyN(SiMe3)2}(THF)].i2 
The bite angle N( l ) -Na( l>N(2) of 55.3(1)。in 3 is similar to the 
corresponding angle of 55.4(2)。 in [{Ph(2-NC5H4)N}Na . 3 HMPA • 
Na{N(2-NC5H4)Ph}]，6 52.7(1)。in [{Ph(2-NC5H4)NNa .PMDETAh]，' and 55.4(4)。 
in [Na(12C4)2][Na{PyN(SiMe3)2}(THF)].i2 The N(3)-Na(l)-N(4) angle in 3 is 
70.5(2)。，which is similar to the corresponding angle of 70.7(1)。 in 
[{Ph(2-NC5H4)NNa •PMDETAh].^ 
21 
c 训 ⑥ 
尝）C(12) AN(2) \ C(16) ^ (V\C(14) 




















































































































































































































































































































































































































































































































































































































































































































2. The molecular structure of [{k{N(SiBu'Me2)(2-C5HsN-6--Me)}(TMEDA)}2] (5) 
The solid state structure of compound 5 with the atom-numbering scheme is 
shown in Figure 1-2. Selected bond distances (A) and angles (。）are listed in Table 
1-6. Compound 5 crystallizes in a monoclinic crystal system with space group 
p2(l)/n. X-Ray crystallography revealed that compound 5 is dimeric with both the 
amido and pyridyl nitrogens bridging two potassium centers. 
The K-Namido bond distances in 5 are 2.875(4) A and 3.034(4) A (average 
8 • 
2.955 A). They are longer than that of 2.787 A (average) in [ { (MegSihNKh] in 
which the two amido nitrogens in the latter compound bridge between the two 
potassium centers, resulting in a nearly square planar coordination geometry. The 
K-Namido distances in 5 are slightly longer than that of 2.805� 入（ a v e r a g e ) in 
[{Ph(2-NC5H4)NK . T M E D A h f and 2.858(2) in [{K{PyN(SiMe3)}(12C4)}2] • 
2PhMe,i2 where both the amido and pyridyl nitrogens in the latter two complexes 
bridge between two potassium centers similar to those observed in 5. However, the 
average K-Namido distances in 5 are comparable to that of 2.960 A (average) in 
[{[Bu^2(F)Si]N(BuOK-(THF)2}2].'' 
The K-NPYRIDYI bond distances of 2.906(4) A and 2.955(4) A (average 2.931 A) 
in 5 are slightly longer than that of 2.859 A in [{Ph(2-NC5H4)NK . T M E D A h f and 
2.853(2) i n [ { K { P y N ( S i M e 3 ) } ( 1 2 C 4 ) } 2 ] • 2 P h M e / ' 
Both the K-Namido and K-Npyndyi distances in 5 are longer than the Na-Namido 
24 
and Na-Npyridyi distances in 3. This is consistent with the larger ionic radius of 
potassium than that of sodium. 
The K(1)-N(1A)-K(1A) and K(1)-N(2)-K(1A) angles in 5 are 68.00(8)。and 
67.31(9)0，respectively, which are slightly smaller than the corresponding angle of 
72.52(5) and 71.66(5) in [{K(PyNSiMe3)(12C4)}2] . The 
N(2)-K(1)-N(1A) angle in 5 is acute, viz. 45.2(1)。，which is comparable to that of 
47.60(5) in [{K{PyN(SiMe3)}(12C4)}2] • 2PhMe.^^ For the TMEDA ligand, the 
N(3)-K(l)-N(4) angle of 62.1(1)。in 5 is smaller than that of 3. 
Table 1-6. Selected Bond Distances (A) and Angles (。) for Compound 5. 
[{K{N(SiBu'Me2)(2-C5H3N-6-Me)}(TMEDA)}2] 
K(l)-N ⑴ 2.906(4) K(l)-N(2) 3.034(4) 
K(1)-N(1A) 2.955(4) K(1)-N(2A) 2.875(4) 
C ⑴ - N ⑵ 1.345(6) N(2)-Si ⑴ 1.705(4) 
K( l ) -N(3) 2.928(5) K(l)-N(4) 〜 2 . 8 6 6 ( 5 ) 
K(1)-K(1A) 3.278(2) 
N( l ) -K( l ) -N(2) 45.20(11) N(2)-K(1)-N(2A) 112.69(9) 
N(1A)-K(1)-N(2A) 95.43(11) N(2)-K( l )-N ⑴ 93.10(11) 
N(1A)-K(1)-N ⑴ 112.00(8) K(1)-N(2)-K(1A) 67.31(9) 
K(1)-N(1A)-K(1A) 68.00(8) N(3)-K(l)-N(4) 62.09(17) 
25 
C(3) 
s 衫 ; ^ J R 
、 
U 
Figure 1-2. Molecular structure of [{K{N(SiBu'Me2)(2-C5H3N-6-Me)}(TMEDA)}2] (5). 
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3. The molecular structure of[Na{N(SiBu'Me2)(8-C9HsN)}(TMEDA)] (7) 
The molecular structure of compound 7 with the atom-numbering scheme is 
shown in Figure 1-3. Selected bond distances (A) and angles (。）are listed in Table 
1-7. Compound 7 crystallizes in a monoclinic crystal system with space group 
p2i/c. The molecular structure of 7 consists of a sodium metal center which is 
coordinated by a A^,A''-chelating ligand L^ and a TMEDA ligand molecule, resulting 
in a distorted tetrahedral coordination environment around the metal center. 
The observed Na-Namido bond distance of 2.321(5) A in 7 is slightly shorter 
than that of 2.439(7) A in [{Ph(2-NC5H4)N}Na . 3HMPA . Na{N(2- NC5H4)Ph}]^ 
and 2.546(2) A in [{Ph(2-NC5H4)NNa . PMDETAh].^ It is also slightly shorter 
than that of 2.45 A (average) in [{Me(2-NC5H4)NNa . T M E D A h ] / 2.417 A 
(average) in [{PhN(H)Na • PMEDTA}2],^ 2.382(2) A in [{Ph(Me)CNC(H)Ph}Na . 
PMDETA],11 and 2.404 A (average) in [Na(12C4)2][Na{PyN(SiMe3)}]2(THF)].i2 
The Na-Namido distances in the sodium diisopylamide complex 
[{(Pr'.)2NNa(TMEDA)}2]i。and the related [{Cy(Pr')NNa(TMEDA)}2]^^ are 2.447 A 
(average) and 2.441 A (average), respectively, which are longer than that of 7. 
The Na-Npyridyi bond distance of 2.381(5)人 in 7 is slightly shorter than that of 
2.452 A (average) in [{Ph(2-NC5H4)N}Na . 3HMPA • Na{N(2-NC5H4)Ph}]^ and 
2.666 人（average) in [{Ph(2-NC5H4)NNa -PMDETA}2].^ It is also shorter than that 
of 2.693 人（average) in [{Me(2-NC5H4)NNa -TMEDA}2]^ and 2.498 A (average) in 
27 
[Na(12C4)2][Na{PyN(SiMe3)2}(THF)].i2 
The bite angle N(l)-Na(l)-N(2) of 71.9(1)。in 7 is bigger than that of 55.4(2)。， 
52.7(1)。and 55.4(4)。in [{Ph(2-NC5H4)N}Na • 3HMPA • Na{N(2-NC5H4)Ph}],^ 
[{Ph(2-NC5H4)NNa . PMDETA}2],^ and [Na(12C4)2][Na{PyN(SiMe3)2}(THF)]尸 
respectively. This may be a consequence of the less hindered five-membered 
metallacycle ring in 7. For the TMEDA ligand in 7，the N(3)-Na(l)-N(4) angle of 
73.9(1)。is similar to that of 70.7(1)。in [{Php-NQILONNa •PMDETA}2].^ 
Table 1-7. Selected Bond Distances (A) and Angles (。）for Compound 7. 
[Na{N(SiBu'Me2)(8-C9H6N)}(TMEDA)] 
Na(l)-N(2) 2.321(5) Na( l ) -N( l ) 2.381(5) 
Na(l)-N(3) 2.482(6) Na(l)-N(4) 2.485(6) 
C(7)-N(2) 1.329(6) N(2)-Si(l) 1。795(8) 
N ⑴-Na(l)-N(2) 71.93(17) N(l)-Na(l)-N(3) 114.7(2) 
N(4)-Na(l)-N(3) 73.94(18) N(2)-Na(l)-N(4) 140.5(2) 
N ⑴-Na(l)-N(4) 115.9(2) N(2)-Na(l)-N(3) 141.0(3) 
28 
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Figure 1-3. Molecular structure of [Na{N(SiBu'Me2)(8-C9H6N)}(TMEDA)] (7). 
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1.3 EXPERIMENTALS FOR CHAPTER 1 
Materials: 
NaBu" and KBu" were prepared according to literature procedures.^^ L^H 
and L^H was prepared according to the procedures described in this chapter. LiBu" 
and TMEDA were purchased from Merck. TMEDA was dried over sodium metal 
and stored under nitrogen. 
Synthesis of compounds: 
[{Na(L^)(TMEDA)}2] (3): 
To a stirring suspension of freshly prepared NaBu" (1.20 g, 15 mmol) in 
hexane (20 ml) at 0。C was slowly added a solution o f L ^ H (3.00 g, 13.5 mmol) and 
TMEDA (2.04 ml, 13.5 mmol) in hexane (30 ml). The resulting solution was 
stirred at room temperature for 2 h. It was filtered, concentrated to ca. 10 ml and 
left at room temperature for 1 day to give compound 3 as colourless crystals. Yield: 
5.53 g (88 %). M.P.: 93-94。C (dec.). MS (EI, 70 eV): m/z (%) 221 (8.0 %) 
[M-Na-TMEDA]^ 165 (100 %) [M-Na-TMEDA-BuT, 135 (8.7 %) 
[M-Na-TMEDA-Bu^-2Me]^ 116 (4.4 %) [TMEDA]+. ^H N M R (300 MHz, CgDe)： 
5 0.36 (s, 6H, SiMe2)，1.18 (s, 9H, SiBu), 1.80 (s, 16H，TMEDA), 2.22 (s’ 3H, CH3), 
6.10 (d, 6.9 Hz, IH, C5H3N), 6.50 (d，J= 8.4 Hz, IH, C5H3N)，7.11 ( d d ， 1 . 5 
Hz and 6.9 Hz, IH，C5H3N). ^^C NMR (75.467 MHz, CeDe)： 5 -1.6 (SiMez), 20.3 
30 
(SiCMea), 25.7 (Me\ 28.2 (SiCMes), 45.4 (NMe), 57.1 (NCH2), 105.2, 112.9，136.7, 
155.5, 170.8 (C5H3N). Anal. Found: C, 59.36; H, 9.75; N，15.44 %. Calcd. for 
C36H74N8Si2Na2： C，59.96; H, 10.34; N，15.53 %• 
[Na(Li)]⑷： 
To a stirring suspension of freshly prepared NaBu" (0.96 g, 12 mmol) in 
toluene (20 ml) at 0。C was slowly added a solution of L^H (2.00 g, 9.01 mmol) in 
toluene (30 ml). The resulting solution was stirred at room temperature for 2 h. 
The pale yellow solution was filtered, concentrated to ca. 10 ml and left at room 
temperature for two days. Compound 4 was obtained as a white solid. Yield: 2.59 
g (85 %). M .P.: 93-94 "C (dec.). MS (EI, 70 eV): m/z (%) 244 (8.6 %) [M ] ^ 187 
(16.2 %) [M-BuT , 165 (100 %) [M-Na-BuT，135 (8.9 %) [M-Na-Bu^-2Me]^ H^ 
NMR (300 MHz, C6D6): 5 0.19 (s，6H, SiMe〗)，1.00 (s，9H, SiBu)，2.07 (s，3H，CH3)，�
6.11 (d, J 二 6.9 Hz, IH, C5H3N), 6.37 (d，J二 8.4 Hz, IH, C5H3N), 7.04 (dd, J = 1.5 
Hz and 6.9 Hz, IH, C5H3N). ^^C NMR (75.467 MHz, CeDs): 6 -1.5 (SiM^z), 20.3 
(SiCMes), 24.9 {Me\ 28.0 (SiCM幻)，108.0，112.5, 137.4, 156.2, 169.7 (C5H3N). 
Anal. Found: C, 57.72; H, 8.65; N, 11.67 %. Calcd. for CnHsiNsSiNa: C, 58.98; H, 
8.66; N，11.46%. 
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[ { K ( L1)(T M E D A)}2] ( 5 ) : 
To a stirring suspension of freshly prepared KBu" (1.44 g, 15 mmol) in 
hexane (20 ml) at 0。C was slowly added a solution o fL^H (3.00 g, 13.5 mmol) and 
TMEDA (2.04 ml, 13.5 mmol) in hexane (30 ml). The resulting solution 
immediately turned clear. It was stirred at room temperature for 2 h. The pale 
yellow solution was filtered, concentrated to ca. 10 ml, and left at room temperature 
for 1 day. Compound 5 was isolated as colourless crystals. Yield: 7.26 g (70 %). 
M .P.: 115-116。C (dec.). MS (EI, 70 eV): m/z (%) 222 (7.4 %) [M-K-TMEDA]+，165 
(100 %) [M-K-TMEDA-BUT , 135 (24.8 %) [M-K-TMEDA-Bu^-2Me]^, 116 (3.6 %) 
[TMEDA]+. NMR (300 MHz, CeDe)： 5 0.36 (s, 6H, SiMe〗)，1.19 (s，9H，SiBu)， 
1.80 (s, 16H, TMEDA), 2.22 (s，3H，CH3)，6.10 (d, 6.9 Hz, IH, C5H3N), 6.50 (d, 
J = 8.4 Hz, IH, C5H3N), 7.06 (dd，7=1.5 Hz and 6.9 Hz, IH, C5H3N). ' 'C NMR 
(75.467 MHz, CeDe)： 5 -0.8 (SiM旬)，20.8 (SiCMe〗)，26.1 (Me), 28.5 (SiCM幻)，45.1 
(NMe), 57.2 (NCH2), 104.8，113.4，136.4, 155.9, 169.8 (C5H3N). Anal. Found: C, 
57.05; H, 9.52; N，14.93 %. Calcd. for C36H74N8Si2K2： C，57.39; H，9.90; N, 14.87 
%. 
[K(Li)] (6): 
To a stirring suspension of freshly prepared KBu" (1.15 g, 12 mmol) in 
toluene (20 ml) at 0。C was slowly added a solution of L^H (2.00 g, 9.01 mmol) in 
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toluene (30 ml). The resulting solution quickly turned clear and was stirred at room 
temperature for 2 h. The pale yellow solution was filtered, concentrated to ca. 10 
ml, and left at room temperature for 2 days to give compound 6 as a white solid. 
Yield: 3.04 g (77 %)• M.p.: 189-192.6。C (dec.). MS (EI, 70 eV): m/z (%) 260 
(2.2 %) 01]+，203 (3.5 %) [M-BUT, 165 (100 %) [M-K-BUT, 135 (10.1 %) 
[M-K-BuC2Me]+. ^H NMR (300 MHz, CgDe): 5 0.27 (s, 6H, SMqi), 1.12 (s，9H, 
SiBu)，2.21 (s，3H, CHs), 6.07 (d, J = 6.9 Hz, IH，C5H3N), 6.37 (d, 8.4 Hz, IH, 
C5H3N), 7.06 (dd, J = 1.5 Hz and 6.9 Hz, IH, C5H3N). ^^ C NMR (75.467 MHz, 
C6D6): 5 -1.0 (SiMez), 20.6 (SiCMes), 25.7 {Me\ 28.4 {SiCMei), 105.5，113.3，136.8’ 
155.9, 169.2 (C5H3N). Anal. Found: C, 57.28; H, 8.11; N, 10.57 %. Calcd. for 
Ci2H2iN2SiK: C, 55.33; H, 8.13; N，10.75 %• 
[Na(L^)(TMEDA)] (7): 
To a stirring suspension of freshly prepared NaBu" (1.20 g，15 mmol) in 
diethyl ether (20 ml) at -78。C was slowly added a solution of L^H (3.00 g，11.6 
mmol) and TMEDA (1.75 ml, 11.6 mmol) in diethyl ether (30 ml). The resulting 
solution was stirred at room temperature for 3 h. It was filtered, concentrated to ca. 
10 ml, and left at room temperature for 1 day. Compound 7 was isolated as red 
crystals. Yield: 3.76 g (82 %). M.p.: 140-142。C (dec.). MS (EI, 70 eV): m/z (%) 
258 (23.0 %) [M-Na-TMEDA]+，201 (100 %) [M-Na-TMEDA-BuT, 171 (92.1 %) 
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[M-Na-TMEDA-Bu'-2Me]^, 116 (7.7 %) [TMEDA]+. ^H NMR (300 MHz, CeDe)： 
5 0.49 (s，6H，SiMe2)，1.34 (s，9H, SiBu)，1.83 (s，12H, NMe2. TMEDA), 2.05 (s, 4H, 
NCH2CH2N, TMEDA), 6.74 (dd, J = 1.2 Hz and 6.3 Hz, IH，C9H6N), 6.88 (q，J = 
4.2 Hz, 2H, C9H6N), 7.35 (dd, J = 1.2 Hz and 6.9 Hz, IH, C9H6N), 7.50 (d, J = 8.1 
Hz, IH, C9H6N), 7.86 (dd, J = 1.8 Hz and 6.6 Hz, IH, C9H6N), 7.96 (dd，J= 1.8 Hz 
and 2.4 Hz, IH, C9H6N). '^C NMR (75.467 MHz, CgDe): 5 -1.2 (SiMez), 21.5 
(SiCMes), 28.7 (SiCM幻)，45.5 (NMe), 57.4 (NCH2), 105.3，117.8’ 119.3，130.0， 
132.8，137.3, 142.4, 147.1，161.3 (CpHgN). Anal. Found: C，62.27; H，9.33; N, 
13.58 %. Calcd. for CziHsvNdSiNa: C, 63.59; H, 9.40; N, 14.12 %. 
[Na(L^)] (8): 
To a stirring suspension of freshly prepared NaBu” (0.96 g, 12 mmol) in EtzO 
(20 ml) at -78。C was slowly added a solution of L^H (2.50 g，9.69 mmol) in Et20 
(30 ml). The resulting suspension turned immediately to a clear red solution. It 
was stirred at room temperature for 4 h. The red solution was filtered and all the 
volatiles were removed in vacuo. The solid was then washed with hexane and dried 
under vacuum. Compound 8 was isolated as an orange solid. Yield: 2.18 g (80 %). 
M.P.: 235-236。C (dec.). MS (EI, 70 eV): m/z (%) 258 (13.2 %) [M-Na]+，201 (100 
%) [M-Na-Bu']+，171(27.3 %) [M-Na-Bu'-2Me]+. Anal. Found: C, 62.56; H，7.43; 
N, 9.99 0/0. Calcd. for CisHziNsSiNa: C, 64.25; H, 7.55; N, 9.99 %. 
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» 
[ K ( L 2 ) � ( 9 ) : 
To a stirring suspension of freshly prepared KBu" (1.15 g, 12 mmol) in Et20 
(20 ml) at -78。C was slowly added a solution of L^H (2.00 g, 7.75 mmol) in the 
same solvent (30 ml). The resulting suspension turned to a clear red solution. It 
was stirred at room temperature for 4 h. The red solution was then filtered and all 
the volatiles were removed under reduced pressure. The solid residue was washed 
with hexane and dried in vacuo. Compound 9 was isolated as an orange solid. 
Yield: 1.61 g (70 %). M.p.: 256-258。C (dec.). MS (EI, 70 eV): m/z (%) 258 (4.0 
%) [M-K]+，201 (58.2 %) [M-K-Bu1+，171(18.7 %) [M-Na-Bu'-2Me]"'. Anal. 
Found: C, 61.29; H，7.52; N，9.43 %. Calcd. for Ci5H2iN2SiK: C，60.76; H，7.14; N， 
9.44 %. 
35 
1.4 REFERENCES FOR CHAPTER 1 
(1) (a) M. F. Lappert, P. P. Power, A. R. Sanger and R. C. Srivastava, Metal and 
Metalloid Amides', Ellis-Horwood: Chichester, 1980. 
(b) R. E. Mulvey, Chem. Soc. Rev., 1991，20，167. 
(c) E. Weiss, Chem. Int. Ed. Engl., 1993，32 ,1501. 
(2) E. Frankland, Proc. Roy. Soc” 1856-7, 8，502. 
(3) C. Dermer and W. C. Z. Femelius, Anorg. Chem., 1935，221，83. 
(4) (a) D. C. Bradley, J. S. Ghotra and F. A. Hart，J. Chem. Soc” Dalton Trans” 
1973，1021. 
(b) M. B. Hursthouse, J. S. Ghotra and A. J. Welch, J. Chem. Soc., Chem. 
Commun., 1973，669. 
(c) D. C. Bradley, J. S. Ghotra and F. A. Hart, Inorg. Nucl Chem. Lett” 1976， 
12, 735. 
(5) D. Mootz, A. Zinnius and B. Bottcher, Angew. Chem,, 1969，81，398. 
(6) R. E. Mulvey, P. C. Andrews and W. Clegg, Angew. Chem. Int. Ed. Engl., 1990， 
29，1440. 
(7) R. E. Mulvey, P. C. Andrews, D. P. Baker, W. Glegg and P. A. O'Neil, 
Polyhedron, 1991,10，1839. 
(8) (a) R. Gruning and J. L. Atwood, J. Organomet. Chem.,1911,137, 101. 
(b) T. P. Hanusa，K. F. Tesh and J. C. Huffman, Inorg. Chem,, 1990’ 29，1584. 
36 
(9) R. E. Mulvey, D. Barr, W. Glegg, L. Cowton, L. Horsburgh and F. M. 
Mackenzie, J. Chem. Soc” Chem. Commun., 1995, 891. 
(10) P. C. Andrews, N. D. R. Bamett, R. E. Mulvey, W. Clegg, P. A. O'Neil, D. Barr, 
L. Cowton, A. J. Dawson and B. J. Wakefield, J. Organomet Chem., 1996，85. 
(11) P. C. Andrews, P. J. Duggan, G. D. Fallon, T. D. McCarthy and A. C. Peatt, J. 
Chem. Soc” Dalton Trans., 2000, 2505. 
(12) S. T. Liddle and W. Clegg, J. Chem. Soc” Dalton Trans” 2001, 402. 
(13) K. Gregory, M. Bremer, W. Bauer and P. v. R. Schleyer, Organometallics, 1990, 
9，1485. 
(14) P. G. Williard and M. A. Nichols, J. Am. Chem. Soc., 1991，113，9671. 
(15) P. V. R. Schleyer, C. Schade and W. Bauer, J. Organomet. Chem., 1985, C25. 
(16) (a) L. Lochmann, Eur. J. Inorg. Chem” 2000，1115. 
(b) M. Schlosser, J. Organomet. Chem., 1967, 8，9. 
(c) M. Marsch, K. Harms, L. Lochmann and G. Boche, Angew. Chem. Int. Ed. 
Engl, 1990，29，308. 
(17) (a) S. Rancher and G. A. Koolpe, J. Org. Chem., 1978, 43，3794. 
(b) B. Renger, H. Hugel, W. Wykpiel and D. Seebach, Chem. Ber., 1978，111, 
2630. 
(18) L. Lochmann and J. Trekoval, J. Organomet Chem,, 1979，179, 123. 
(19) Y. Peng, M. Phil Thesis, The Chinese University of Hong Kong, 1999. 
37 
(20) H. K. Lee, Y.-L. Wong, Z.-Y. Zhou, Z ,Y . Zhang, Dennis K. P. Ng and Thomas 
C. W. Mak, J. Chem. Soc” Dalton Trans., 2000, 539. 
(21) D. Stalke, U. Pieper, S. Vollbrecht and U. Klingebiel, Chem. Ber., 1990，1039. 
38 
CHAPTER 2. 
Synthesis, Structures, and Catalytic Properties of 
Lanthanide Metal Amides Containing the Pyridine -
Functionalized Amido Ligand [N(SiBuMe2)(2-C5H3N-6-Me)]" 
2.1 INTRODUCTION 
2.1.1 General Background 
The organometallic chemistry of the rare earth metals* has been an area of 
intensive studies during the past thirty years/ However, its development is less 
well established as compared to that of organo-transition metal complexes. For 
transition metal complexes, the Effective Atomic Number (or the 18-Electron) Rule 
provides an effective prediction to their stability. However, no such simple rule 
exits for complexes of the rare earth elements. Their coordination number and 
formal electron counts are almost exclusively determined by the size of the metal 
atom as well as the ligands. In general, the molecular geometries of transition metal 
complexes can usually be rationalized in terms of crystal field or molecular orbital 
theories. However, the complicated electronic configurations of the lanthanides and 
actinides render their theoretical studies difficult to be carried out?^ 
* The rare earth elements consist of scandium, yttrium, lanthanum, and the lanthanide series (Ce-Lu). 
Scandium, yttrium, and lanthanum belong to Group 3 elements, whereas the lanthanide series belong 
to /-block elements. In general, the chemistry of yttrium and lanthanum are very similar to that of 
the lanthanide series. Therefore they are often included in the discussions of the chemistry of the 
/-block elements. 
39 
2.1.2 A Brief Review on Rare Earth Amido Complexes 
The first series of lanthanide metal amides [Ln{N(SiMe3)2}3] (Ln = La, Ce, 
Pr, Nd, Sm, Eu, Gd, Ho, Yb and Lu) were reported by Bradley et al in 1973.3 In 
the same year, Hursthouse et al reported the molecular structures of 
[Sc{N(SiMe3)2}3] and [Eu{N(SiMe3)2}3].4 Three years later, Bradley et al reported 
the compounds [Ln(NPr�)3] ( Ln = Y，Yb, Nd 
Recently, Evans et al. reported the preparation of several heterometallic 
lanthanide metal amides of the type [Ln(NMe2)3(MMe3)3] ( Ln = La，Nd ; M = Ga， 
Al) and [La{(^-Me)2GaMe2} {( i i -Me)ONMe2)GaMe2h] (Scheme 2-1).^ 
\ / 
Ga 
p u / 
THF ⑶ 3 N.^ 
NdCl3 + 3LiNMe2———^ [Nd(NMe2)3(Lia)3] j \ / ^ 
， G a 、 / N d H 
3MMe. / N \ 3 
[Nd(NMe2)3(MMe3)3] + 3 LiCI , / \ 
M = Al, Ga / \ 
ch/ 
[La(NMe2)3(UCI)3] + 4 GaMe〗 ^ [La(NMe2)3(GaMe3)3] \ / 
^ [La{(pMe)2GaMe2}{( i i -Me)(pNMe2)GaMe2}2] 、 / ^ \ CH3 
G a s C H \ i \ 
/ z ! -
Scheme 2-1 
The same research group has also reported other heterometallic lanthanide 
amide complexes [Nd(NPr'2)2(^i-NPr'2)2Li(THF)]7 and [Nd(NPr'2)(^i-NPr'2) 
(l^-Me)AlMe2][(^L-Me)2AlMe2].7 In 1996，they reported a series of yttrium and 
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g 
lanthanide metal complexes containing arylamido ligands (Scheme 2-2). 
/ \ z N \ / \ ^ N 
� 1 1 O - r r A� 分 ] 一�
OCh ^� 义 々 oO 
r V / \� 丄 b hn NH N , . ! 
H I HN NH \ _ _ / \ 丄 z ^ r I 
^ 办 H^) X ) 
o - K v G 。 厂 r - o 
Scheme 2-2 
In 1995, Scholz et al reported the synthesis and crystal structure of a few 
lanthanoid metal-dad complexes [dad = (Bu)NCH=CHN(Bu)].9 These complexes 
were prepared by the reaction of [(dad)Li2(THF)4] with the appropriate lanthanide 
metal halides in THF (Scheme 2-3).^ 
41 
丁 ： o , J 
•L 'X 濟 
I Li(THF) 
(THF)2Li Li(THF)2 Ln=Y，LiJ 
\ /XA. I 
+ [LnX3(THF)3] _ 
\ = / \ (X=CI. I) 
I Li(THF) 
Ln = La (X=l). Sm (X= CI) 
Scheme 2-3 





SmCl(THF)3]i2 and [{0(Si(CH3)2-N-(C5H3N-4-Me))2}2La][Li(THF)3]i2 have been 
prepared by employing the aminopyridinato ligands [N(SiMe3)(2-C5H3N-4-Me). 
and [0(Si(CH3)2-N-(C5H3N-4-Me))2]2- (Scheme 2-4). The complexes 
[{0(Si(CH3)2-N-(C5H3N-4-Me))2}2La][Li(THF)3]i2 have been shown to have 
catalytic properties towards polymerization reactions. 
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T M S / ' \ TMS f ^ 
， 力 U C \ / i � Z - ) 2 
™ 々 N 力�
t m / ^ y 
TMS TMS \ 
〇 〉 / 气 〇 ^ L a ^ 〇 U(THF)3 
\ Z Ci \ / - -
,气卜 N ? /S i -NCOj N ^ N - S i ^ 
)“々鮮 M S ' A ^ 
/Sl-N N N N ^ s i - \ 
V V 〜 / M 
O /Nd o Rh 
^Si-N N N ^ N ^ i ^ 
Scheme 2-4 
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2.1.3 General Preparation Methods to Lanthanide Metal Amides 
(i) Salt elimination 
Lanthanide metal amides can be readily prepared by the reaction of an alkali 
metal amide with the appropriate lanthanide metal halides (Scheme 2-5). 
LnCb + 3 LiNR'R" — [Ln(NR，R，，)3] + 3 L iC l i 
LnCIa + 3 K[N(SiMe3)2] [Ln{N(SiMe3)2}3] + 3 KCIvl 
Scheme 2-5 
Anhydrous lanthanide metal halides are the most commonly used starting materials 
because they can be purchased from various commercial vendors or readily prepared 
according to literature procedures.^^ Low-valent lanthanide metal(II) amides can be 
readily prepared by treating alkali metal amido complexes with the appropriate 
lanthanide(II) halides (e.g. Sml2, Bu t , Yhh), which are commercially available. 
The stoichiometry of the starting materials should be carefully controlled. I f 
the ligands are in excess, the strongly Lewis acidic lanthanide metal center may be 
able to accommodate the anionic ligand in excess of the number required by its 
formal oxidation state, resulting in the formation o f ' W complexes.^ 
(ii) Protolysis 
This method involves the reaction of an amine with the appropriate 
lanthanide metal alkyls or dialkylamides (Scheme 2-6). 
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[Sm{N(SiMe3)2}2(THF)2] + [1，1-(a-C4H3NH)2C6Hio] 
———-[{ [1，1-(a-C4H3N)2C6Hio]Sm}8(THF)J 
Scheme 2-6 
The driving force of these reactions is provided by the relative basicity of the alkyl 
and amide ligands. 
2.1.4 Ring-Opening Polymerization of Lactones. 
The studies of ring-opening polymerization of lactones, such as 
p-propiolactone, 5-valerolactone and 8-caprolactone (chart 2-1) have attracted much 
research interest due to their relevance to the synthesis of biodegradable polyesters, 
< r > o n Q 
O � o�人o � 0人 o 
3-propiolactone 5-vaIerolactone e-caprolactone 
Chart 2-1 
Polyesters can be prepared from condensation polymerization of diols and 
dicarboxylic acids. However, a major disadvantage of this method is the high 
temperatures and long reaction times required to give polyesters with high and broad 
molecular weight distributions. 
Lactones can be polymerized with initiators containing alkali metals, 
26 
alkaline earth meta ls , (porphinato)aluminum,^^ and the CpTi(OR)Cl2 systems. 
Among these initiators, only the (porphinato)aluminum systems^^ provide polyesters 
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with a very narrow molecular weight distribution. More recently, 
lanthanide(II)i7a，i7b and lanthaiiide(III)^'^^'^^ amido complexes have been reported 
to be efficientcatalysts towards polymerization of lactones. Scheme 2-7 illustrates a 
proposed mechanism for ring-opening polymerization of lactones catalyzed by 
lanthanide metal complexes. 
z R R±n . 
coordination ^ \ insertion ‘ 
R^Ln—R ^ \ ^ 
a D 
〇 〇 
^ U coordination 门 八 八 丄 、 
〇 




The mechanism involves a cationic living polymerization initiated by the 
reaction of an electrophilic initiator (L11R3) with electron-donating monomer 
molecules (s-caprolactone). The molecular weight (Mw) and molecular weight 
distribution (Mw/Mn) of the polymerization of s-caprolactone with different initiators 





















































































































































































































































































































































































































































































































































































































































































































2.1.5 Objectives of This Work 
The main objective of this work focuses on synthesis, structural 
characterization, and reactivity studies of lanthanide metal amido complexes derived 
from the bulky pyridine-fiinctionalized amido ligand [N(SiBu'Me2)(2-C5H3N-6-Me)] 
(L1). a series of lanthanide metal complexes have been prepared by the reaction of 
alkali metal amides with the appropriate lanthanide metal halides. Their molecular 
structures have been elucidated by single-crystal X-ray crystallography. 
Reactivities of some of these lanthanide amido complexes towards 
3，5-di"e"-butylcatechol (dbcH:)，and their catalytic properties towards ring-opening 
polymerization of s-caprolactone have also been investigated. 
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2.2 RESULTS AND DISCUSSION 
2.2.1 Synthesis and Physical Properties 
2.2.1.1 Homoleptic Lanthanide Metal Amides 
(a) Preparation 
The homoleptic lanthanide metal amides 
[Ln{N(SiBu'Me2)(2-C5H3N-6-Me)}3] [Ln = Y (10)，Ce (11)，Nd (12)，Sm (13)，Eu 
(14), Gd (15)，Dy (16), Er (17)，Yb (18)] were prepared as shown in Scheme 2-8. 
A r v 
x/ iz Me2Bu,S•卜 N \ S B ^ e : 
广 N � P S < Z N 、 LnCl3 ….、N 
3/2 equiv ( ^ K ] — \ 乂 Ln... \ _ ^ 
j Z i X t 醫 , A , 2 days 
1 
S 旧 u(Me2 
5 Ln = Ce 11 
Nd 12 
A f V 
W 1 N iz Me^Bu^SKN \ S\BuMe, 
/ ^ N \ 〜 Z N 、 LnCl3 X . \ .、、、、N: 
3/2 equiv ( ^ Na N a ( / ^ \ ^ Ln,,, \ _ ^ 
j Z I \ THP. OOC 
SiBu'Mej 
3 
Ln = Y 10，Sm 13, Eu 14 
Gd 15’ Dy 16, Er 17 
Yb 18 
Scheme 2-8 
The early lanthanide metal amides 11 and 12 (Ln = Ce, Nd) were prepared by 
treating the potassium amide 5 with anhydrous CeCb and NdCls, respectively. For 
yttrium (10)，and the middle and late lanthanide metal counterparts (13-18), sodium 
49 
amide 3 was reacted with the appropriate metal halides in THF solutions. A l l of the 
compounds 10-18 can be recrystallized from hexane. They are very soluble in all 
hydrocarbon solvents and are very sensitive towards air. X-Ray diffraction studies 
revealed that compounds 10-18 are mononuclear, with three pyridyl amido ligands 
coordinating to each metal center. 
(b) Spectroscopic Characterization of Compounds 10-18 
Compounds 10-18 have been characterized by mass spectroscopy, elemental 
analysis, in addition to single-crystal X-ray diffraction studies. The diamagnetic 
yttrium triamide 10 has also been characterized by ^H and ^^ C NMR spectroscopy. 
However, the paramagnetic samarium triamide 13 showed isotropically shifted ^H 
NMR signals. 
The ^H and ^^ C NMR spectral data, and some physical properties of these 
compounds are shown in Table 2-2 and Table 2 - 3 , respectively. 
(ij NMR Spectra: 
For compound 10，two singlet signals due to the two methyl groups of the 
SiBu'Me2 substituents are observed at 0.42 and 0.44 ppm, indicating that the two 
methyl groups are magnetically non-equivalent due to the presence of the chiral 
metal center. The singlet signal ofBu' substituent on the SiBu'Me2 group occurs at 
0.87 ppm, whereas that of the 6-Me substituent on the pyridyl ring occurs at 2.01 
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ppm. The pyridyl protons of 10 show three sets of signals at 5.90-6.90 ppm. Two 
singlet signals due to the two methyl groups in the SiBu'Me〗 substituents are also 
observed in the ^^ C spectrum of 10. 
For samarium complex 13，an isotropically shifted ^H NMR spectrum was 
observed. Again, two singlets due to the two Me groups of the SiBu^Me2 
substituent are observed at -5.90 and -4.18 ppm, which revealed that the two Me 
groups of compound 13 are magnetically nonequivalent due to the presence of the 
chiral samarium center. The 6-Me substituent on the pyridine ring and Bu^ group of 
the in SiBu'Me〗 moiety were observed at 0.53 ppm and 2.54 ppm, respectively. The 
pyridyl protons were observed at 5.48, 8.34 and 9.87 ppm. 
Table 2-2. . ^H and ^^ C NMR Spectra Data (ppm) for Compounds 10 and 13. 
Compound SiMez SiCMes SiCMes CH3 C5H3N 
1h NMR (300.13 MHz, CgDe) 
5.90(d), 
10 0.87(s) — 2.01(s) 6.38 ⑷， 
0.44(s) 6.90(dd) 
5.48(d), 
13 "^ ； ?^；)' 2.54(s) — 0.53(s) 8.34(t)， 
-4.18(s) 9.87(d) 
13。NMR (75.47 MHz, CeDe) 
109.3， 
113.2, 




(ii) Mass Spectra 
None of the compounds 10-18 show parent peak signal [M^] in their mass 
spectra. However, fragmentation peaks due to ligand l ) , viz. [L^]. (222), [L^-Bu^]"^, 
[Li-BuL2Me]+, and [Bu']+ were observed. 
(c) Physical Properties 
Tables 2-3. Some Physical Properties of Compounds 10-18. 
Compound Yield (%) Colour M.p‘ (。C) 
10 80 colourless crystals 281-283 (dec.) 
11 40 yellow crystals 138-139 (dec.) 
12 49 blue-green crystals 132-139 (dec.) 
13 70 greenish-yellow crystals 121-123 (dec.) 
14 77 red crystals 142-147 (dec.) 
15 76 blue crystals 116-118 (dec.) 
16 80 pale green crystals 127-130 (dec.) 
17 88 pink crystals 136-138 (dec.) 
18 90 yellow crystals 132-138 (dec.) 
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2.2.1.2 Heteroleptic Lanthanide Metal Amides 
(a) Preparation 
During the course of our studies, a few heteroleptic lanthanide metal amides, 
namely [(L^)2Ce{(^-OBu')2}Na(TMEDA)] (19), [(L^)2Nd{(^-OBu^)2}Na (TMEDA)] 
(20)， [(Li)2Nd{OOBu)2}K(TMEDA)] (21) and [(L^)2Sm(n-Cl)(THF)}2] (22) have 
also been synthesized (Scheme 2-9). 
(i) 2 equiv BuOM Me^Bu忍r-N、( 1/ 
(ii) 1 equiv LnClg ''"'•Ln..._"〇、>^N、 
I : : 
/ S旧 U似 
A n 人 N ^ S 旧 / Ln = Ce, M = Na 19 
\ / N V / / Ln 二 Nd, M = Na 20 
, • 广 W ^ . Z N 、 Ln = Nd. M : K 21 
V ^ M v ^ i . 
I MeoBu'Sh-N, \ = "n�一 S旧u拟e 
\ 1 equiv SmCl3 'X.\ ••…、Ci、..\ 




A mixture of 2 equiv of Bu^ONa and 1 equiv of the sodium amide 3 was 
treated with 1 equiv of CeCls or NdCls in refluxing THF for 1 day，yielding 
compounds 19 and 20 as yellow and pale blue crystals, respectively. When a 
mixture of 2 equiv of Bu^OK and 1 equiv of the potassium amide 5 was reacted with 
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1 equiv of NdCls in THF under the same conditions, compound 21 was obtained as 
pale blue crystals. 
Compounds 19-21 are very sensitive towards air. They are very soluble in 
all hydrocarbon solvents. X-Ray crystallography revealed that the lanthanide 
centers of these compounds are ligated by two amido ligands and two bridging Bu'O 
ligands, with the latter bridging between the Ln (Ce or Nd) and the alkali metal (Na 
or K) centers. In addition, the alkali metal center is bound by one TMEDA 
molecule. 
The heteroleptic samarium(III) amide 22 was synthesized by the reaction of 
anhydrous SmCls with the sodium amide 3 in a molar ratio of 1:1 • Compound 22 is 
very sensitive towards air. It is very insoluble in hexane, THF and ether, but only 
slightly soluble in hot toluene. X-Ray crystallography revealed that each Sm metal 
center in 22 is coordinated by two '-chelating amido ligands L \ with two 
chloride ligands bridging between the two Sm centers. 
(b) Spectroscopic Characterization of Compounds 19-22 
Compounds 19-22 have been characterized by mass spectrometry and 
elemental analysis, in addition to single-crystal X-ray diffraction studies. No ^H 
and 13c NMR spectra could be obtained for these paramagnetic compounds. Table 
2-4 lists some physical properties of compounds 19-22. 
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(i) Mass Spectra 
None of the compounds 19-22 show parent peak signal [M^] in their mass 
spectra. Only fragmentation peaks due to the ligand, viz. [l1]+ (222), [L^-Bu^]"^, 
:L、BuC2Me]+，and [Bi i ’+ were observed. In the mass spectra of compounds 19-21, 
the and [TMEDA]+ fragments could be observed at m/z 73 and 116， 
respectively, whereas a [THF]+ fragment at m/z 73 was observed for 22. 
(c) Physical Properties 
Tables 2-4. Some Physical Properties of Compounds 19-22. 
Compound Yield (%) Colour M.p. (。C) 
19 48 yellow crystals 137-142 (dec.) 
20 70 pale blue crystals 138-139 (dec.) 
21 88 pale blue crystals 142-147 (dec.) 
22 70 yellow crystals 131-133 (dec.) 
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2.2.2 Molecular Structures 
2.2.2.1 Molecular Structures of the Homoleptic Lanthanide Metal Amides 
Compounds 10-18 are homoleptic amido complexes and are isostructural to 
each other. Each of them consists of three amido ligands coordinating to the metal 
center in a iV^-chelating fashion. A l l of the compounds 10-18 crystallize in a 
triclinic crystal system with space group p 1. Each compound consists of a C3 
rotational axis passing through the metal center. The molecular structures of 
compounds 10-18 with the atom-numbering scheme are shown in Figures 2-1 to 2-9. 
The observed Ln-Namido distances, Ln-Npyridyi distances (A) and the Namido-Ln-Npyridyi 
angles (。）for the compounds are listed in Table 2-5. 
Table 2-5. The Ln-Namido Distances, Ln-Npyndyi Distances (A) and the 
Namido-Ln-Npyridyi Angles (。) for Compounds 10-18. 
Compound Ln-Namido (A) Ln-Npyridyl (A) Namido-Ln-Npyndyl (°) 
10 (Ln = Y) 2.319 2.412 57.57 
l l ( L n = Ce) 2.437 2.572 54.06 
12 (Ln = Nd) 2.403 2.538 55.12 
13 (Ln = Sm) 2.374 2.498 55.76 
14 (Ln = Eu) 2.363 2.474 56.16 
15 (Ln = Gd) 2.357 2.465 56.46 
16 (Ln = Dy) 2.335 2.427 57.43 
17 (Ln = Er) 2.317 2.411 57.83 
18 (Ln = Yb) 2.277 2.361 58.44 
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Figure 2-1. Molecular structure of [Y{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (10). 
C(49乂 C(26) c ( 2 ^ 『 2 2 1 
C(52) 
Figure 2-2. Molecular structure of [Ce {N(SiBu'Me2)(2-C5H3N-6-Me)}3] (11). 
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C(8) 
Figure 2-3. Molecular structure of [Nd{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (12). 
/ ^ ^ C d O l 
C.32)® ® I i C ^ 
C(231 




Figure 2-5. Molecular structure of [Eu {N(SiBu'Me2)(2-C5H3N-6-Me)}3] (14). 
COS) 
C(19) C ( 2 1 1 ^ f 
C(241 
1 r 
Figure 2-6. Molecular structure of [Gd {N(SiBu'Me2)(2-C5H3N-6-Me)} 3] (15). 
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CGI 
身 。 ’ 
C{19) 
Figure 2-7. Molecular structure of [Dy{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (16). 
Ct32丨 C .3 „ c ⑷ 
C(3) 
Figure 2-8. Molecular structure of [Er {N(SiBu'Me2)(2-C5H3N-6-Me)}3] (17). 
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Figure 2-9. Molecular structure of [Yb {N(SiBu'Me2)(2-C5H3N-6-Me)}3] • 0.5 CeHg (18). 
Figure 2-9a. The unit cell of [Yb {N(SiBu'Me2)(2-C5H3N-6-Me)} 3] • 0.5 CeHg (18). 
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From Table 2-4, it is noteworthy that the average Ln-Namido and Ln-Npyndyi 
distances of compounds 11-18 decrease smoothly across the lanthanide metal series. 
Moreover, the bite angles Namido-Ln-Npyndyi of these compounds also follow the same 
trend. This is a consequence of the decreasing cationic radii across the lanthanide 
• 2 series. 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles for compound 10 are listed in 
Table 2-6. The Y-Namido bond distances of 2.317(4) A, 2.320(4) A, and 2.321(4) A 
in 10 are slightly shorter than the corresponding distances of 2.445 A (average) in 
[{N(SiMe3)(2-C5H3N-4-Me)}2{(N(SiMe3)(2-C5H3N-4-Me))2Li(C5H5N)}Y]iG，2.346 
A (average) in [{0(Si(CH3)2-N-(C5H3N-4-Me))2}YCl(THF)2]尸 and 2.335 A 
(average) in 
[{{Me2Si(NCMe3)(OCMe3)}2Y(l^-(N，N>N(H)-C(Me)=C(H)-C三N)}2].i8 However, 
they are slightly longer than that of 2.256 A (average) in 
[{Me2Si(NCMe3)(OCMe3)}2Y(CH(SiMe3)2)]，i8 2.27 A in [Y(salen) 
{N(SiHMe2)2}(THF)],i9 and 2.28 A (average) in [K(DME)2(THF)3] 
[Y2(^-NHC6H3Me2-2,6)2(ii-Cl)(NHC6H3Me2-2,6)4 (THF)2].8 
The observed Y-Npyndyi bond distances of 2.386(4) A - 2.431(4) A in 10 are 
similar to that of 2.425 A (average) in 
[{0(Si(CH3)2-N-(C5H3N-4-Me))2}YCl(THF)2]，i2 but slightly shorter than that of 
2.545 人（average) in [Y{4-NH2-(2,6-(2-C5H4N)2-l，3，5- (C3N3))}(NO3)3(H2O)4].20 
The bite angles N⑴-Y⑴-N(2)，N(3)-Y⑴-N(4)，and N(5)-Y(l)-N(6) in 10 
are 57.7(1)。，57.7(1)。，and 57.3(1)。，respectively, which are similar to that of 56.1° 
(average) in [ {N(SiMe3)(2-C5H3N-4-Me)2 {(N(SiMe3)(2-C5H3N-4-Me))2 
Li(C5H5N)}Y}.i° 
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Table 2-6. Selected Bond Distances (A) and Angles (。）for Compound 10. 
[Y{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (10) 
Y(1>N(1) 2.431 ⑷ Y ⑴ -N(2) 2.317(4) 
Y(1>N(3) 2.386(4) Y ⑴-N(4) 2.321(4) 
Y( 1 )-N(5) 2.419(4) Y( 1 )-N(6) 2.320(4) 
N( l ) -Y( l ) -N(2) 57.71(13) N(3)-Y ⑴ -N(4) 57.72(16) 
N(5)-Y ⑴ -N(6) 57.29(13) N(1>Y(1)-N(3) 93.75(14) 
N ⑴ -Y( l ) -N(5) 96.33(13) N(3)-Y(l)-N(5) 99.92(14) 
N(2)-Y ⑴ -N(4) 110.33(15) N(2)-Y(l)-N(6) 113.19(14) 
N(4)-Y(l)-N(6) 110.83(14) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles (°) for compound 11 are listed in 
Table 2-7. The Ce-Namido bond distances in 11 are 2.435(3)人，2.436(3) A，and 
2.440(3)人. 
The Ce-Npyridyi bond distances of 2.555(3)人，2.577(3) A, and 2.584(4) A in 
11 are slightly shorter than that of 2.595 人（average) in [PEt4][Ce(S-2-NC5H4)4].^^ 
The bite angles N(l)-Ce(l)-N(2)，N(3)-Ce⑴-N(4)，and N(5)-Ce(l)-N(6) in 
11 are 54.3(1)。, 53.94(9)。，and 53.92(9)。, respectively. 
Table 2-7. Selected Bond Distances (A) and Angles (。）for Compound 11» 
[Ce{N(SiBu^Me2)(2-C5H3N-6-Me)}3] (11) 
Ce(l)-N(l) 2.555(3) Ce ⑴-N(2) 2.440(3) 
Ce ⑴ -N(3) 2.577(3) Ce ⑴-N(4) 2.435(3) 
Ce ⑴ -N(5) 2.584(3) Ce ⑴-N(6) 2.436(3) 
N(l)-Ce ⑴-N(2) 54.32(11) N(3)-Ce ⑴ -N(4) 53.94(9) 
N(5)-Ce ⑴-N(6) 53.92(9) N(l)-Ce(l)-N(3) 99.34(10) 
N(l)-Ce ⑴-N(5) 91.20(10) N(3)-Ce ⑴ - N ⑶ 93.81(9) 
N(2)-Ce(l)-N(4) 115.64(10) N(2)-Ce(l)-N(6) 113.34(10) 
N(4)-Ce(l)-N(6) 118.40(9) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles of compound 12 are listed in Table 
2-8. The Nd-Namido bond distances of 2.399(5)人，2.403(5) A, and 2.407(5) k in 12 
are slightly shorter than the corresponding distances of 2.489 A (average), 2.424 A 
(average), and 2.478 A (average) in [Nd{0(Si(CH3)2-N 
-(C5H3N-4-Me))2}2Rli(C8Hi2)]，ii [Nd{0(Si(CH3)2-N-(C5H3N-4-Me))2}2Rli(C2H4)]，ii 
and [Nd{0(Si(CH3)2-N- (C5H3N-4-Me))2}2(THF)Pd(CH3)],^' respectively. 
The Nd-Npyridyi bond distances of 2.529(5) A - 2.552(5) A in 12 are 
comparable to that of 2.501 A (average), 2.538 A (average) and 2.545 A (average) in 
[Nd{0(Si(CH3)2-N-(C5H3N-4-Me))2}2Rli(C8Hi2)]" [Nd{0(Si(CH3)2-N-(C5H3N-4-
Me))2}2Rh(C2H4)]，" and [Nd{0(Si(CH3)2-N-(C5H3N-4-Me)M2(THF)Pd(CH3)]，ii 
respectively. 
The bite angles N(l)-Nd(l)-N(2)，N(3)-Nd(l)-N(4) and N(5)-Nd(l)-N(6) in 
12 are 55.1(1)。，55.1(1)。，and 55.1(1)。，respectively. They are comparable to that of 
53.7。 （average), 54.1。 (average), and 54.2。 (average) in 
[Nd{0(Si(CH3)2-N-(C5H3N-4-Me))2}2Rli(C8Hi2)],ii [Nd{0(Si(CH3)2-N-(C5H3N-
4-Me))2hRh(C2H4)]ii and [Nd{0(Si(CH3)2-N-(C5H3N-4-Me))2}2(THF)Pd(CH3)]，ii 
respectively. 
66 
Table 2-8. Selected Bond Distances (A) and Angles ( � ) for Compound 12. 
[Nd{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (12) 
Nd( l ) -N( l ) 2.529(5) Nd(l)-N(2) 2.403(5) 
Nd(l)-N(3) 2.532(5) Nd(l)-N(4) 2.407(5) 
Nd(l)-N(5) 2.552(5) Nd(l)-N(6) 2.399(5) 
N(l)-Nd(l)-N(2) 55.10(19) N(3)-Nd(l)-N(4) 55.19(17) 
N(5)-Nd(l)-N(6) 55.07(16) N ⑴-Nd( l ) -N(3) 99.10(17) 
N(l)-Nd(l)-N(5) 91.38(17) N(3)-Nd(l)-N(5) 93.84(16) 
N(2)-Nd(l)-N(4) 114.23(18) N(2)-Nd(l)-N(6) 112.85(17) 
N(4)-Nd(l)-N(6) 117.41(16) 
67 
7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles (°) for compound 13 are listed in 
Table 2-9. The Sm-Namid。bond distances of and 2.369(3) A, 2.378(3) A, and 
2.375(3) A in 13 are comparable to that of 2.354 A (average) in 
[K(THF)6]2[SmONHC6H3Me2-2，6)(NHC6H3Me2-2,6)3]2.8 They are marginally 
shorter than the corresponding distances of 2.450 A (average) and 2.451 A in 
[{0(Si(CH3)2-N-(C5H3N-4-Me))2}SmCl(THF)3]i2 ^nd [Sm{(Bu^NC=CNBu%i 
(THF)h(^i-Cl)2Li(THF)2]9 
The Sm-Npyridyi bond distances of 2.484(3) A - 2.514(3) A in 13 are slightly 
shorter than that of 2.575 A (average) in [Sm{4-NH2-(2，6-(2-C5H4N)2-l，3,5-
(C3N3))}(N03)3(H20)4]20 and shorter than that of 2.629人(average) and 2.830A 
(average) in [Sm{OC(CMe3)(2-CH2NC5H3Me-6)2}3]^^ and 
[Sm{OCBu 乂 2-CH2NC5H3Me-6)2}2{OC(Bu)(2-CH2NC5H3Me-6)}2Na],2i 
respectively. 
The bite angles N⑴-Sm(l)-N(2)，N(3)-Sm(l)-N(4), and N(5)-Sm(l)-N(6) in 
13 are 55.9(1)。，55.9(1)。，and 55.50(9)。，respectively. 
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Table 2-9. Selected Bond Distances (A) and Angles (。）for Compound 13. 
[sin{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (13) 
S m ( l ) - N ( l ) 2.484(3) Sm(l ) -N(2) 2.378(3) 
Sm( l ) -N(3) 2.495(3) Sm( l ) -N ⑷ 2.375(3) 
Sm(l)-N(5) 2.514(3) Sm(l)-N(6) 2.369(3) 
N( l ) -Sm( l ) -N (2 ) 55.91(11) N(3)-Sm(l ) -N(4) 55.86(10) 
N(5)-Sm(l)-N(6) 55.50(9) N ⑴-Sm(l)-N(3) 99.66(10) 
N(l)-Sm(l)-N(5) 91.38(17) N ⑶-Sm(l)-N(5) 94.79(9) 
N(2)-Sm(l)-N ⑷ 113.78(10) N(2)-Sm ⑴ -N(6) 111.68(11) 
N(4)-Sm( l ) -N(6) 117.03(10) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles (°) for compound 14 are listed in 
Table 2-10. The Eu-Namido bond distances of 2.361(4)人，2.362(4) A, and 2.367(3) 
A in 14 are longer than that of 2.259 A in [Eu{N(SiMe3)2}3].4 
The Eu-Npyridyi bond distances of 2.461(5)人-2.490(4) A in 14 are slightly 
shorter than that of 2.524 人（average) and 2.585 人（average) in 
[PEt4][Eu(S-2-NC5H4)4]22 and [Eu{4-NH2-(2，6-(2-C5H4N)2-l，3’5-(C3N3))}(N03)3 
(H20)4],2。respectively. 
The bite angles N(l)-Eu⑴-N(2)，N(3)-Eu⑴-N(4)，and N(5)-Eu(l)-N(6) in 
14 are 56.1(1)。，56.3(1)。，and 56.1(1)。，respectively. 
Table 2-10. Selected Bond Distances (A) and Angles (。）for Compound 14 
[Eu{N(SiBu^Me2)(2-C5H3N-6-Me)}3] (14) 
Eu ⑴ - N ( l ) 2.472(4) Eu(l)-N(2) 2.367(3) 
Eu ⑴-N(3) 2.461(5) Eu ⑴-N(4) 2.362(4) 
Eu ⑴ -N(5) 2.490(4) Eu(l)-N(6) 2.361(4) 
N ⑴ -Eu ⑴-N(2) 56.13(13) N ⑶-Eu(l)-N(4) 56.28(16) 
N(5)-Eu ⑴-N(6) 56.08(13) N ⑴ -Eu ⑴ -N(3) 98.72(14) 
N(l)-Eu(l)-N(5) 95.01(12) N(3)-Eu ⑴ -N(5) 92.75(14) 
N(2)-Eu ⑴-N(4) 112.94(14) N(2)-Eu(l)-N(6) 116.20(13) 
N(4)-Eu(l)-N(6) 112.40(15) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles of compound 15 are listed in Table 
2-11. The Gd-Namido bond distances in 15 are 2.349(1) A, 2.360(1)人，and 2.361(1) 
A. 
The Gd-Npyridyi bond distances of 2.468(1)人-2.459(1) A in 15 are slightly 
shorter than that of 2.545 A (average) in [Gd{4-NH2-(2,6-(2-C5H4N)2-1,3,5-
( C 3 N 3 ) ) } ( N 0 3 ) 3 ( H 2 0 ) 3 ( C 2 H 3 N ) ] . 2 ° 
The bite angles N⑴-Gd(l)-N(2)，N(3)-Gd(l)-N(4) and N(5)-Gd(l)-N(6) in 
15 are 56.41(6)。，56.42(6)。，and 56.56(6)。，respectively. 
Table 2-11. Selected Bond Distances (A) and Angles (。) for Compound 15. 
[Gd{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (15) 
Gd( l ) -N( l ) 2.4678(17) Gd(l)-N(2) 2.3494(18) 
Gd(l)-N(3) 2.4664(18) Gd ⑴ -N(4) 2.3604(17) 
Gd(l)-N(5) 2.4594(17) Gd(l)-N(6) 2.3609(17) 
N ⑴ -Gd( l>N(2) 56.41(6) N(3)-Gd ⑴ -N(4) 56.42(6) 
N(5>Gd(l)-N(6) 56.56(6) N(l)-Gd(l)-N(3) 97.79(6) 
N ⑴-Gd(l)-N(5) 93.27(6) N(3)-Gd(l)-N(5) 94.42(6) 
N(2)-Gd(l)-N(4) 111.35(6) N(2)-Gd(l)-N(6) 115.51(6) 
N(4)-Gd(l)-N(6) 111.64(6) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles (。）of compound 16 are listed in Table 
2-12. The Dy-Namido bond distances in 16 are 2.330(6) A, 2.335(7)人，and 2.339(6) 
A. 
The Dy-Npyridyi bond distances in 16 are 2.407(7) A-2.438(7)人. 
The bite angles N(l)-Dy(l)-N⑵，N(3)-Dy(l)-N(4)，and N(5)-Dy(l)-N(6) in 
16 are 57.6(2)。，57.3(3)。，and 57.4(2)。, respectively. 
Table 2-12. Selected Bond Distances (A) and Angles (。）for Compound 16. 
[Dy{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (16) 
D y ( l ) - N ( l ) 2.438(7) Dy ( l ) -N(2 ) 2.330(6) 
Dy(l)-N(3) 2.407(7) Dy ⑴-N(4) 2.335(7) 
Dy(l)-N(5) 2.437(6) Dy(l)-N(6) 2.339(6) 
N(l)-Dy(l)-N(2) 57.6(2) N ⑶ -Dy ⑴ -N(4) 57.3 ⑶ 
N(5)-Dy(l)-N(6) 57.4(2) N ⑴ -Dy ⑴ - N ⑶ 99.2(2) 
N(l)-Dy(l)-N(5) 96.4(2) N(3)-Dy(l)-N(5) 93.0(2) 
N(2)-Dy(l)-N(4) 111.3(2) N(2)-Dy(l)-N(6) 114.7(2) 
N(4)-Dy(l)-N(6) 110.9(2) 
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7. The molecular structure of [{Dy{N(SiBy!Me2)(2-C5H3N-6-Me)}3} (16) 
Selected bond distances (A) and angles O of compound 17 are listed in Table 
2-13. The Er-Namido bond distances in 17 are 2.311(5) A，2.318(5)人，and 2.322(5) 
A. 
The Er-Npyridyi bond distances of 2.392(5) A - 2.425(5) A in 17 are shorter 
than that of 2.536 A (average) in [Er{4-NH2-(2，6-(2-C5H4N)2-l，3,5-
(C3N3))}(N03)3(H20)3(C2H3N)].20 
The bite angles N(l)-Er⑴-N(2)，N(3)-Er⑴-N(4)，and N(5)-Er(l)-N(6) in 17 
are 57.8(1)。，58.2(2)。，and 57.5(1)。，respectively. 
Table 2-13. Selected Bond Distances (A) and Angles (。）for Compound 17. 
[Er{N(SiBu^Me2)(2-C5H3N-6-Me)}3] (17) 
Er( l ) -N( l ) 2.417(5) Er(l)-N(2) 2.322(5) 
Er(l)-N(3) 2.392(5) &•⑴-N(4) 2.318(5) 
Er(l)-N(5) 2.425(5) Er(l)-N(6) 2.311(5) 
N ( l ) - E r ( l ) - N ( 2 ) 57.77(19) N(3 ) -&•⑴ -N(4 ) 58.2(2) 
N(5) -Er ( l ) -N(6) 57.52(18) N ( l ) -E r ( l ) -N (3 ) 99.9(2) 
N(l)-Er(l)-N(5) 96.41(18) N(3)-Er ⑴-N(5) 94.26(19) 
N(2)-Er ( l ) -N(4) 110.5(2) N(2) -Er ( l ) -N(6) 112.96(18) 
N(4)-Er(l)-N(6) 110.0(2) 
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9. The molecular structure of [Yb{N(SiBv!Me2)(2-C5H3N-6-Me)JsJ • 0.5 CeHe (18) 
Selected bond distances (A) and angles (。）of compound 18 are listed in Table 
2-14. The unit cell of compound 18 revealed that every two 
；Yb{N(SiBu^Me2)(2-C5H3N-6-Me)}3] molecules contain one benzene molecule 
(Figure 2-9a). 
The Yb-Namido bond distances of 2.257(4)人，2.274(4) A, and 2.300(4) A in 
18 are longer than those of 2.17 A (average) and 2.158(3) A in 
[Yb(NHC6H3Pr'2-2，6)3(THF)2]8 and [(Dmp)Yb(N(SiMe3)2)…-a)2Li(THF)2] (Dmp = 
2,6-dimesitylphenyl)，23 respectively. 
The Yb-Npyridyi bond distances of 2.349(4)人-2.375(4)A in 18 are shorter 
than those of 2.424 A (average) and 2.503 A (average) in [(py)2Yb(SNC5H4-2)3严 
and [Yb{4-NH2-(2,6-(2-C5H4N)2-l，3，5-(C3N3))}(NO3)3(H2O)3(C2H3N)]，20 
respectively. 
The bite angles N(l)-Yb⑴-N(2)，N(3)-Yb⑴-N(4)，and N(5)-Yb⑴-N(6) in 
18 are 57.7(1)。，58.3(1)。，and 59.3(1)°, respectively. 
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Table 2-14. Selected Bond Distances (A) and Angles (。）for Compound 18. 
[Yb{N(SiBu'Me2)(2-C5H3N-6-Me)}3] (18) 
Yb( l ) -N( l ) 2.375(4) Yb(l)-N(2) 2.300(4) 
Yb(l)-N(3) 2.358(4) Yb(l)-N(4) 2.274(4) 
Yb(l)-N(5) 2.349(4) Yb(l)-N(6) 2.257(4) 
N( l ) -Yb( l ) -N(2) 57.72(12) N(3)-Yb(l)-N(4) 58.32(12) 
N(5)-Yb(l)-N(6) 59.29(14) N(l)-Yb(l)-N(3) 96.62(12) 
N( l ) -Yb( l ) -N(5) 94.79(13) N(3)-Yb(l)-N(5) 98.51(13) 
N(2)-Yb(l)-N(4) 113.55(13) N(2)-Yb(l)-N(6) 109.32(14) 
N(4)-Yb(l)-N(6) 109.71(13) 
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2.2.2.2 Molecular Structures of the Heteroleptic Lanthanide Metal Amides 
(19-22) 
Each of the compounds 19-21 consists of two amido ligands binding to the 
lanthanide metal center (Ce or Nd) in a AyV'-chelating fashion, with two Bu,〇 
ligands bridging between the Ln (Ce or Nd) and the alkali metal (Na or K) centers. 
In addition, the alkali metal center is also bound by one TMEDA molecule. 
Compounds 19-21 crystallize in a triclinic crystal system with space group p 1. 
The unit cell of both compounds 19 and 20 revealed that one hexane molecule is 
shared between every two molecules of the compounds. On the other hand, one 
hexane molecule is shared among every four molecules of compound 21. 
The binuclear compound 22，crystallizes in a triclinic crystal system with 
space group p i . Each Sm metal center is coordinated by two -chelating amido 
ligands with two chloride ligands bridging between the two Sm(III) centers. 
The molecular structures of compounds 19-22 with the atom-numbering scheme are 
shown in Figures 2-10 to 2-13, respectively. 
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C(31) 
Figure 2-10. Molecular structure of 
[{(2-C5H3N-6-Me)(SiBu^Me2)N}2Ce{(^-OBu^)2}Na(TMEDA)] • 0.5 CsHm (19). 
Figure 2-1 Oa. Unit Cell of 
[{(2-C5H3N-6--Me)(SiBu^Me2)N}2Ce{(^i-OBu')2}Na(TMEDA)] . 0.5 CeHu (19). 
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Figure 2-11. Molecular structure of 
[{(2-C5H3N-6-Me)(SiBu^Me2)N}2Nd{(^-OBu')2}Na(TMEDA)] • 0.5 CsHu (20). 
Figure 2-11 a. Unit Cell of 
[{(2-C5H3N-6-Me)(SiBu'Me2)N}2Nd{(|i-OBu^)2}Na(TMEDA)] • 0.5 CeHu (21). 
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Figure 2-12. Molecular structure of 
[{(2-C5H3N-6-Me)(SiBu^Me2)N}2Nd{(|^-OBu^)2}K(TMEDA)] . 0.25 CsHm (21). 
Figure 2-12a. Unit Cell of 
[{(2-C5H3l^-6-Me)(SiBii,Me2)N}2Nd{(^i-OBu,)2}K(TMEDA)] . 0.25 CeHn (21). 
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cm) 
Figure 2-13. Molecular structure of 
[{{(2-C5H3N-6-Me)(SiBu^Me2)N}2Sm(^i-Cl)(THF)}2] (22). 
Figure 2-13a. Unit Cell of 
[{{(2-C5H3N-6-Me)(SiBu'Me2)N}2Sm(^-Cl)(THF)}2] (22). 
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1. The molecular structure of [{(2-C5H3:k-6-Me)(SiBiiMe2)N}ade 
{(/j-0Bu')2}Na(TMEDA)] . 0.5 C6H14 (19) 
Selected bond distances (A) and angles (°) of compound 19 are listed in Table 
2-15. The Ce-Namido bond distances in 19 are 2.560(5) A and 2.565(5) A, which are 
slightly longer than that of 2.437 人（average) in compound 11。 
The Ce-Npyridyi bond distances of 2.628(5) A and 2.635(5) A in 19 are slightly 
longer than those of 2.572 A (average) and 2.595 A (average) in compound 11 and 
[PEt4][Ce(S-2-NC5H4)4], respectively.^^ 〜 
The Ce-0 bond distances of 2.258(4) A and 2.267(4 ) A in 19 are much 
shorter than those of 2.422(4) A and 2.583(5) A in the 4-member ring of Ce202 in 
[Ce(OCBuS)2(OBu)]2,25 and [Ce(OSi(C6H5)3)3]2，26 respectively. 
The Na-0 bond distances of 19 are 2.347(5)人 and 2.351(5) A. The Na-N 
bond distances of 2.575(8) A and 2.592(7) A in 19 are similar to that of 2.576 A 
(average) in the sodium amide 3. 
The bite angles N(l)-Ce(l)-N(2) and N(3)-Ce(l)-N(4) in 19 are 52.2(1)。and 
52.0 (1)°，respectively, which are similar to that of 54.06° in compound 11. The bite 
angles O⑴-Ce(l)-0(2)，0(l>Na(l)-0(2) and N(5)-Na(l)-N(6) in 19 are 85.3(1)。’ 
81.5(1)。，and 72.8(2)。，respectively. The 0( l ) -Ce( l ) -0(2) angle is larger than those 
of 72.3(2)。and 74.3(2)。in [Ce(OCBuS)2(OBu^)]2'' and [Ce(OSi(C6H5)3)3]2严 
respectively. 
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Table 2-15. Selected Bond Distances (A) and Angles (。）for Compound 19. 
[{(2-C5H3N-6-Me)(SiBu^Me2)N}2Ce{(|i-OBu')2}Na(TMEDA)] • 0.5 CeHn (19) 
Ce(l)-N(l) 2.431(4) Ce ⑴-N(2) 2.317(4) 
Ce(l)-N(3) 2.386(4) Ce(l)-N(4) 2.321(4) 
Ce(l)-0(1) 2.267(4) Ce(l)-0(2) 2.258(4) 
Na(l)-0(1) 2.351(5) Na(l)-0(2) 2.347(5) 
Na(l)-N(5) 2.592(7) Na(l)-N(6) 2.575(8) 
N(l)-Ce(l)-N(2) 52.21(14) 0(2)-Ce(l)-N ⑷ 109.81(17) 
N(3)-Ce(l)-N(4) 51.99(16) O ⑴ -Na( l ) -0(2) 81.47(16) 
N(l)-Ce ⑴-N(3) 78.15(17) 0(1)-Na(l)-N(5) 126.1(2) 
N(2)-Ce(l)-N(4) 144.43(16) 0(1)-Na(l)-N(6) 131.0(2) 
0( l ) -Ce( l ) -0(2) 85.26(15) 0(2)-Na(l)-N(5) 129.0(2) 
0(1)-Ce(l)-N(l) 102.54(17) 0(2)-Na(l)-N(6) 124.3(2) 
0(1)-Ce ⑴-N(2) 97.61(16) N(5)-Na(l)-N(6) 72.8(2) 
0(2)-Ce(l)-N(3) 100.66(16) 
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2. The molecular structure of [{(l-CsH^N-e-Me) (SiBuMe2)N}2Nd{(^-OBu)2} 
Na(TMEDA)] . 0.5 CsHm (20) and [{(l-CsHsN-S-Me)(SiBu'Me2)N}2Nd 
{(m-OBU%}K(TMEDA)] . 0.25 CSHM (21) 
Selected bond distances (A) and angles (°) for compounds 20 and 21 are 
listed in Table 2-16 and Table 2-17，respectively. The Nd-Namido bond distances of 
2.520(4) A and 2.533(5) A in 20，and 2.522(4) A and 2.529(4) A in 21 are slightly 
longer than the corresponding distances of 2.489 A (average), 2.424 A (average) and 
2.478 A (average) in [Nd{{0(Si(CH3)2-N-(C5H3N-4-Me))}2}2Rii(C8Hi2)]/^ 
[Nd{ {0(Si(CH3)2-N-(C5H3N-4-Me))}2}2Rii(C2H4)],u and [Nd{ {〇(Si(CH3)2-N-
(4-CH3-G5H3N))}2}2 (THF)Pd(CH3)]，ii respectively. They are also longer than 
those of 2.399(5) A, 2.403(5) A and 2.407(5) A in 12. 
The Nd-Npyridyi bond distances of 2.585(4) A and 2.593(5) A in 20，and 
2.584(4) A and 2.586(4) A in 21 are longer than those of 2.501 A (average), 2.538 A 
(average) and 2.545 A in i>[d{{0(Si(CH3)2-N-(C5H3N-4-Me))}2}2Rli(C8Hi2)]/' 
[Nd{ {〇(Si(CH3)2-N-(C5H3N-4-Me))}2}2Rli(C2H4)]，ii and [Nd{ {〇(Si(CH3)2-N-
(C5H3N- 4-Me))}2}2(THF)Pd(CH3)],u respectively. They are also marginally 
longer than the Nd-Npyridyi bond distances of 2.529(5)人，2.532(5)人 and 2.552(5) A 
in 12. 
The Nd-0 bond distances of 2.238(4) A and 2.2343(4) A in 20 are 
comparable to that of 2.219(3) A in 21. They are slightly shorter than those of 
2.381 A (average), 2.382 A (average), and 2.375 人 in the 4-member ring of NdsO� in 
[Nd2(OCH -々Pr2)6(THF)2]，27 [Nd2(OCH-/-Pr2)6(py)2],'' and [Nd2(OCH-/-Pr2)6 
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(Ii-DME)]，27 respectively. Furthermore, they are shorter than that of 2,447(7) A in 
the 4-member ring of Nd02Al in [(ArO)2(THF)2NdOOAr)2AlEt2].28 
The Na-0 bond distances of 20 are 2,359(5)人 and 2.379(5) A, whilst the 
K-0 bond distances of 21 are 2.607(4) A and 2.629(4) A. 
The Na-N bond distances of 2.568(7)人 and 2.589(7) A in 20 are comparable 
to that of same as 2.576 A (average) in the sodium amide 3. The K -N bond 
distances of 2.808(7)人 and 2.820(7)人 in 21 are marginally shorter than that of 
2.897 人（average) in compound 5. 
The bite angles N(l)-Nd(l)-N(2) and N(3)-Nd(l)-N(4) in 20 are 52.9(1)。and 
53.0(1)。，respectively, which are similar to those observed in 21. Both of them are 
comparable to those of 53.7�(average), 54.1�(average), and 54.2° (average) in 
[ N d { { 0 ( S i ( C H 3 ) 2 - N - ( C 5 H 3 N - 4 - M e ) ) h } 2 R l i ( C 8 H i 2 ) ]， H [ N d { { 0 ( S i ( C H 3 ) 2 - N -
(C5H3N-4-Me))}2}2Rli(C2H4)]，ii and [Nd{ {0(Si(CH3)2-N-(C5H3N-4 
-Me))}2}2(THF)Pd(CH3)]，ii and those of 55.1(1)。，55.2(1)。，and 55.1(1)。in 12， 
respectively. The 0( l ) -Nd( l ) -0(2) angles in 20 and 21, viz. 86.9(1)。and 91.9(1)。， 
respectively, are larger than those of 71.9(1)�in [Nd2(OCH-/-Pr2)6(THF)2]，27 73.5(1)� 
in [Nd2(OCH-/-Pr2)6(py)2]，27 and 72.6(2)�in [Nd2(OCH-z-Pr2)6(ji-DME)].'' They 
are also larger than that of 61.5(3)�in [(ArO)2(THF)2NdOOAr)2AlEt2]?8 
The 0( l)-Na-0(2) angle in 20 and 0( l ) -K-0(2) angle in 21 are 81.0(1)。and 
75.1(1)°, respectively, 
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The bite angles of N(5)-Na-N(6) in 20 and N(5)-K-N(6) in 21 are 72.5(2)。 
and 66.2(2)。，respectively, which are comparable to that of 70.8。（average) in 3，but 
slightly larger than that of 62.1(1)。in 5, 
Table 2-16. Selected Bond Distances (A) and Angles (。）for Compound 20. 
[{(2-C5H3N-6-Me)(SiBu'Me2)N}2Nd{(|i-OBu02}Na(TMEDA)] • 0.5 CeHn (20) 
Nd( l ) -N( l ) 2.585(4) Nd(l)-N(2) 2.520(4) 
Nd(l)-N(3) 2.593(5) Nd(l)-N(4) 2.533(5) 
Nd( l ) -0(1) 2.238(4) Nd(l)-0(2) 2.234(4) 
Na(l)-0(1) 2.379(5) Na(l)-0(2) 2.359(5) 
Na(l)-N(5) 2.589(7) Na(l)-N(6) 2.568(7) 
N ⑴-Nd( l ) -N(2) 52.96(14) 0(2)-Nd(l)-N(4) 97.02(16) 
N(3)-Nd(l)-N(4) 52.90(16) O ⑴ -Na( l ) -0(2) 80.96(15) 
N(l)-Nd(l)-N(3) 78.93(17) O ⑴-Na(l)-N(5) 126.2(2) 
N(2)-Nd(l)-N(4) 145.46(16) 0(1)-Na(l)-N(6) 13L5(2) 
0( l ) -Nd( l ) -0(2) 86.92(15) 0(2)-Na(l)-N(5) 129.2(2) 
0(1)-Nd(l)-N(l) 100.97(16) 0(2)-Na(l)-N(6) 124.7(2) 
O ⑴-Nd(l)-N(2) 97.45(15) N(5)-Na(l)-N(6) 72.5(2) 
0(2)-Nd(l)-N(3) 100.05(16) 
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Table 2-17. Selected Bond Distances (A) and Angles (。）for Compound 21. 
[{(2-C5H3N-6-Me)(SiBu'Me2)N}2Nd{()i-0Bu')2}K(TMEDA)] . 0.25 CeRu (21) 
Nd(l)-N(l) 2.586(4) Nd(l)-N(2) 2.522(4) 
Nd(l)-N(3) 2.584(4) Nd( l ) -N ⑷ 2.529(4) 
Nd( l ) - 0 (1 ) 2.219(3) Nd ( l ) - 0 (2 ) 2.219(3) 
K(l ) -0(1) 2.607(4) K( l ) -0(2) 2.629(4) 
K(l)-N(5) 2.808(7) K(l)-N(6) 2.820(7) 
N ⑴ -Nd( l ) -N(2) 52.99(13) 0(2)-Nd(l)-N ⑷ 95.54(12) 
N(3)-Nd(l)-N ⑷ 53.06(11) 0 ( l ) -K( l ) -0(2) 75.06(10) 
N(l)-Nd(l)-N(3) 79.45(12) 0(1)-K(1)-N(5) 135.31(18) 
N(2)-Nd(l)-N(4) 147.61(12) 0(1)-K(1)-N(6) 125.15(18) 
0( l ) -Nd( l ) -0(2) 91.88(12) 0(2)-K(l)-N(5) 129.06(17) 
0(1)-Nd(l)-N( l) 98.16(12) 0(2)-K(l)-N(6) 137.66(19) 
0(1)-Nd(l)-N(2) 96.14(12) N(5)-K(l)-N(6) 66.2(2) 
0(2)-Nd(l)-N(3) 98.26(12) 
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3. The molecular structure of [{{(2-C5HsN-6-Me)(SiBy!Me2)N}2 S�m(M~Cl)(THF)}2] 
(22) 
Selected bond distances (A) and angles (。）for compound 22 are listed in 
Table 2-18. The Sm-Namido bond distances of 2.388(5) A and 2.401(6) A in 22 are 
slightly shorter than the corresponding distances of 2.450 人（average) and 2.451 A 
(average) in [ {0(Si(CH3)2-N-(C5H3N-4-Me))2} SmCl(THF)3] and 
[Sm{(Bu'NC=CNBii)Li(THF)}20Cl)2Li(THF)2]9 However, they are slightly 
longer than that of 2.354 A (average) in 
[K(THF)6]2[SmONHC6H3Me2-2，6)(NHC6H3Me2-2,6)3]2.8 
The Sm-Npyridyi bond distances of 2.498(5) A and 2.507(5)人 in 22 are shorter 
than that of 2.575 A (average) in [Sm{4-NH2-(2，6-(2-C5H4N)2-l，3，5-
(C3N3))}(N03)3(H20)4严 and much shorter than those of 2.629 人（average) and 
2.830 A (average) in [Sm{OC(CMe3)(2-CH2NC5H3Me-6)2}3f and 
[Sm{OCBu 乂 2-CH2NC5H3Me-6)2}2{OC(Bu,)(2-CH2NC5H3Me-6)}2Na],2i 
respectively. 
The Sm-Cl bond distances of 2.785(1) A and 2.835(1)人 in 22 are longer than 
that of 2.715(2) A in [{0(Si(CH3)2-N-(C5H3N-4-Me))2}SmCl(THF)3]’2 but slightly 
shorter than that of 2.878(2) A in [Sm{(Bu'NC=CNBu)Li(THF)}2(pi-Cl)2Li(THF)2]‘ 
The Sm-O(THF) bond distances of 2.570(5) A in 22 is comparable to the 
observed Sm-O(THF) distances ( 2.542 A (average) ) in 
[{0(Si(CH3)2-N-(C5H3N-4-Me))2} SmCl(THF)3].'' 
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The N(l)-Sm(l)-N(2) and N(3)-Sm(l)-N(4) bite angles in 22 are 55.2(2)。 
The Cl(l)-Sm(l)-C1(1A) angle of 73.86(6)。is smaller than that of 77.76(4)。in 
[Sm{(BuWC=CNBu)Li(THF)}2(^i-Cl)2Li(THF)2]9 
Table 2-18. Selected Bond Distances (A) and Angles (。）for Compound 22. 
[{{(2-C5H3N-6-Me)(SiBu^Me2)N}2Sm(^-Cl)(THF)}2] (22) 
Sm(l ) -N( l ) 2.507(5) Sm(l)-N(2) 2.401(6) 
Sm(l)-N(3) 2.498(5) Sm(l)-N(4) 2.388(5) 
Sm(l)-Cl( l ) 2.7845(18) Sm(l)-C1(1A) 2.8345(18) 
Sm(l)-0(1) 2.570(5) 
N(l>Sm(l)-N(2) 55.2(2) N(2)-Sm(l)-Cl(l) 93.20(15) 
N(3) -Sm( l ) -N(4) 55.2(2) N(3)-Sm(l)-Cl � 115.44(14) 
Cl(l)-Sm(l)-C1(1A) 73.86(6) N ⑷ -Sm(l ) -Cl( l ) 86.48(15) 
Sm( l ) -C l ⑴ - S m ( l A ) 106.14(6) N( l ) -Sm( l ) -C1(1A) 147.57(16) 
N(l)-Sm(l)-N(3) 92.8(2) N(2)-Sm ⑴ -C l ( lA ) 118.64(15) 
N(2)-Sm(l)-N(4) 116.2(2) N(3)-Sm ⑴ - a ( l A ) 85.17(14) 
N(l) -Sm(l) -Cl( l ) 134.28(16) N(4)-Sm(l)-C1(1A) 122.15(15) 
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2.2.3 Reactivity Studies 
2.2.3.1 Reaction with 3,5'di-tert-butylcatechol (dbcH2) 
Treatment of compound 15 with three equivalents of 3，5-di-仗r/-butylcatechol 
(dbcH2) gave a pale blue solid 23 (Scheme 2-10)。Attempts to obtain good quality 
crystals of 23 suitable for X-ray analysis were unsuccessful. 
X \ J 3 equiv I X / 
\ .Gd..一\ H C A ^ 
y^rsT / ^ N / 》 一 Compound 23 




When oxygen was bubbled into a solution of compound 23 in toluene, the 
colour of the solution changed from pale blue to greenish blue and then dark green 
within one hour. The solution was further stirred under an oxygen atmosphere for 
one day. The dark green solution was then treated with diluted hydrochloric acid 
and the resulting mixture was extracted with diethyl ether. The organic layer was 
concentrated and then loaded onto a silica gel column with dichloromethane as 
eluent. Two major components, namely, 3,5-di-/er/-butyl-1,2-benzoquinone (23a, 
85%) and 3,5-di-/err-butyl-l- oxacycloheta- 3,5-diene-2,7-dione (23b, 5%), were 
isolated (Scheme 2-11). 
89 
q J Z 
• 2 - + v s 
Compound 23 , o .y/ 
toluene 
\ o I 
23a 23b 
85 % 5 % 
Scheme 2-11 
The oxidative degradation of 23 in toluene has been monitored by UV/vis 
spectroscopy. Compound 23 gives absorption maxima at 306 and 385 nm. Upon 
exposure to oxygen, the absorbance of these two wavelengths increased with time, 
together with the occurrence of a new peak at 750 nm. However, the peaks at 306 
and 750 nm diminished after half an hour. These two peaks may therefore be 
ascribed to an intermediate species during the course of the oxidative degradation 
reaction. At the end of the experiment (after 510 min)，an absorption at 400 nm was 
observed, which is mainly due to 3,5-di-/er/-butylbeiizoquinone. 
Figure 2-14 shows the UV/vis spectra of a solution of 15 in toluene upon 
exposure to dioxygen. The UV/vis spectra taken at the first 36 min and those taken 
thereafter are depicted in Figure 2-15 and Figure 2-16，respectively. The UV/vis 
spectra of 3,5-di-/er/-butylcatechol and 3.S-tert-hutyl-1,2-benzoquinone are shown in 
Figure 2-17. 
Attempted reactions of other homoleptic lanthanide metal amides with 
3,5-di-/er^butylcatechol (dbcH〗）have also been investigated. However, no isolable 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2 .3 .2 Ring-Opening Polymerization of e-Caprolactone 
The activities of the homoleptic lanthanide metal amides [Ln(L^)3] [Ln = Eu 
(14), Er (17)，Yb(18)] and the heteroleptic lanthanide metal amide 
:(Li)2NdOOBu)2K(TMEDA)] towards ring-opening polymerization of 
s-caprolactone have been investigated in our studies (Scheme 2-12). 
r v 
Me^ Bi/S^ N 1 /SiBu'Mej 
SiBu'Me2 
〇 
Ln = Eu, Er, Yb I / 
/ toluene or THF, 0 R. T. 」n 
, 。 ？ / c v 
( ) ~ \ Me^ Bu'S 卜 N,、/( + 1/ 
\ C ^ f + 丨\ o 
toluene or THF, 0 °C — ^ R. T. 
Scheme 2-12 
Compounds 14, 17，18 and 21 catalyzed the polymerization reaction readily. 
Molecular weights of the polymers obtained were determined using the laser light 
scattering technique. 
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(i) Initiator: [Eu(L^)3] (14) 
Solvent: THF 
Reaction temperature: 0。C 
Results o f the laser l ight scattering experiment are shown in Table 2-19. 
Table 2-19. Ring-opening Polymerisation of s-Caprolactone Initiated by Compound 14. 
Sample [Mol/「Ior Mw(xlO^)^ R g ( x l O - W ) ^ Rh(nm)^ R./Rh Mw/Mn ' % yield 
1 100 — 一 — — — 0 
2 200 9.6 29.84 9.08 — 1.94 60 
3 300 10.6 31.68 17.21 1.84 1.91 75 
4 400 9.0 35.68 19.05 1.87 1.70 81 
a [Mo] = No. of moles of monomer, [Iq] = No. of moles of initiator 
b Mw = average molecular weight� ；�
e Rg = radius of gyration 
d Rh = hydrodynamic radius 
® Mw/Mn = molecular weight distribution 
( i i) Initiator: [Yb(L^)3] (18) 
Solvent: THF 
Reaction temperature: 0°C 
Results of the laser l ight scattering experiment are shown in Table 2-20. 
Table 2-20. Ring-opening Polymerisation of e-Caprolactone Initiated by Compound 18. 
Sample _ � 1 0 ” M J x l o V Rh(mn)' R /^Rh Mw/Mn�% yield 
1 50 3.8 20.5 11.42 1.80 1.86 50 
2 100 6.6 25.6 14.08 1.80 1.69 84 
3 200 9.3 34.12 17.56 1.94 1.91 92 
4 300 11.3 40.7 28.03 1.45 1.90 97 
a [Mo] = No. of moles of monomer, [I。] = No. of moles of initiator 
b Mw = average molecular weight 
e Rg = radius of gyration 
d Rh = hydrodynamic radius 
e Mw/Mn = molecular weight distribution 
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(ii i) Initiator: [Er(L^)3] (17) 
Solvent: toluene 
Reaction temperature: 0。C 
Results of the laser light scattering experiment are shown in Table 2-21. 
Table 2-21. Ring-opening Polymerisation of s-Caprolactone Initiated by Compound 17. 
Sample�Mol/[Ior Mw(xlO^)^ R^(x lO\my Rh(nm)^ Rg/Rh M w / M / � / � y i e l d 
1 100 3.1 14.56 9.34 1.56 1.93 84 
2 200 2.1 15.80 8.69 1.82 1.81 85 
3 300 2.4 15.00 7.64 1.96 1.74 91 
4 400 14.90 8.59 1.73 1.66 94 
a [Mo] = No. of moles of monomer, [lo] = No. of moles of initiator 
b Mw = average molecular weight 
c Rg = radius of gyration 
d Rh = hydrodynamic radius 
®Mw/Mn = molecular weight distribution 
(iv) Initiator: [Yb(L^)3] (18) 
Solvent: toluene 
Reaction temperature: 0°C 
Results of the laser light scattering experiment are shown in Table 2-22. 
Table 2-22. Ring-opening Polymerisation of 8-Caprolactone Initiated by Compound 18. 
Sample「M。V「I。r Mw(xlO')^ Re(xlO'^cm)^ Rh(nm)^ Rg/Rh M ^ M n ' %yield 
1 100 8.2 26.49 14.24 1.86 1.59 77 
2 200 10.0 29.16 15.70 1.86 1.78 83 
3 300 11.2 32.68 16.75 1.95 1.66 92 
4 400 14.9 36.12 20.58 1.76 1.76 92 
a [Mo] = No. of moles of monomer, [lo] = No. of moles of initiator 
b Mw = average molecular weight 
CRg = radius of gyration 
d Rh = hydrodynamic radius 
®Mv,/Mn = molecular weight distribution 
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(i) Initiator: [(L^)2Nd(^-OBu')2K(TMEDA)] (21) 
Solvent: toluene 
Reaction temperature: 0。C 
Results o f the laser light scattering experiment are shown in Table 2-23. 
Table 2-23. Ring-opening Polymerisation of s-Caprolactone Initiated by Compound 21. 
Sample 陶/口。” MwCxlO? R^(xio-^cm)-^ Rh(iim)^ V R h M w / M / % yield 
1 100 7.18 16.09 9.75 1.65 1.78 79 
2 200 7.05 14.46 8.45 1.71 1.77 87 
3 300 15.92 24.09 11.62 2.07 1.78 90 
4 400 24.75 23.20 12.89 1.80 1.77 92 
a [Mo] = No. of moles of monomer, [Iq] = No. of moles of initiator 
b Mw = average molecular weight 
c Rg = radius of gyration 
d Rh = hydrodynamic radius 
e Mw/Mn = molecular weight distribution 
The above polymerization reactions have also been carried out in THF 
solutions. However, no isolable polymer products could be obtained after the 
reactions. Only an intractable oil was obtained. 
Recently, Okuda et al reported that the yttrium complexes 
Li[YCn5:n、C5Me4SiMe2N-CH2CH20Me)2] and Li[Y(r|^ri^-C5H3Bu'SiMe2NCH2 
-CH20Me)2] could catalyze the ring-opening polymerization of s - c a p r o l a c t o n e , A 
non-linear correlation between molecular weights of the polymer formed and the 
•Mo]/[Io] ratio was observed and a radical-based mechanism for the polymerisation 
reactions was suggested/^ In our study, a linear correlation between molecular 
weights and the [Mo]/[Io] ratio could only be obtained with [Yb(L^)3] (18) and 
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:(Li)2NdOOBii)2K(TMEDA)] (21) as the initiators. The non-linear correlation of 
our results suggest that a similar radical-based mechanism may also be operative for 
some homoleptic lanthanide metal amide systems studied in our work. 
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2.3 EXPERIMENTALS FOR CHAPTER 2 
Materials: 
Anhydrous YCI3 and CeCU were purchased from Aldrich and used as 
received. A l l other lanthanide trichlorides were prepared from Ln203 according to 
literature procedures.^ [{Na(L^)(TMEDA)}2] (3) and [{K(L^)(TMEDA)}2] (5) 
were prepared according to the procedures described in Chapter 1. 
Synthesis of Compounds: 
General Procedures for the Preparation of [Ln(L )^3] (10-18) 
To a stirring suspension of anhydrous LnCls in THF at 0°C was slowly added 
a solution of [ {Na(L、 (TMEDA)}2]⑶ or [ {K(L / ) (TMEDA)h] (5) in THF. The 
reaction mixture was stirred at room temperature for 24 h (for compounds 10,13-18) 
or refluxed for two days (for compounds 11 and 12). A l l the volatiles were 
removed in vacuo and the residue was extracted with hexane or toluene. The 
extract was filtered through Celite, and all the volatiles in the filtrate were removed 
under vacuum. The residue was then recrystallized from hexane or toluene to give 




According to the General Procedure, anhydrous YCI3 (0.25 g, 1.30 mmol) 
was treated with [{Na(L^)(TMEDA)}2] (3) (1.40 g，3.89 mmol) to give compound 10 
as colourless crystals. Yield: 0.78 g, 80 %. M.p.: 281-283 (dec.). MS (EI, 70 
eV): m/z (%) 222 (4.7) 165 (100) [L^-Bu^, 149 (10.2) [L^-Bu'-Me]"", 135 (37.1) 
[Li-BuC2Me]+. ^H NMR (300 MHz, CeDe)： 5 0.42 (s, 3H’ SiMe〗)，0.44 (s，3H, 
SiMes), 0.87 (s, 9H, SiBu)，2.01 (s, 3H，CH3), 5.90 (d，J二 12 Hz, IH, C5H3N), 6.38 
(d, J = 8.4 Hz, IH, C5H3N)，6.90 (dd, J = 1.5 Hz and 6.9 Hz, IH, C5H3N). ^^ C 
NMR (75.467 MHz, CeDe)： 6 -2.3 (SiMe), -0.8 {SiMe\ 20.9 (SiCMes), 23.2 (Me), 
27.9 (SiCMes), 109.3，113.2, 139.9，154.0，170.9 (C5H3N). Anal. Found: C, 56.42; 
H，8.48; N, 10.88 %. Calcd. for CseHesNgSisY: C, 57.42; H, 8.43; N, 11.15 %, 
[Ce(Li)3] (11)：�
According to the General Procedure, anhydrous CeCls (0.35 g, 1.44 mmol) 
was treated with [{K(L^)(TMEDA)}2] (5) (1.55 g，4.31 mmol) to give compound 11 
as yellow crystals. Yield: 0.46 g, 40 %. M.p.: 138-139 °C (dec.). MS (EI, 70 
eV): m/z (%) 222 (2.0) [!；]+，165 (100) [L^-BuT, 149 (2.9) [L^-Bu^-Me]^ 135 (8.8) 
[L'-Bu^-lMe]"". Anal. Found: C, 53.78; H, 8.17; N, 10.91 %. Calcd. for 
C36H63N6Si3Ce: C，53.76; H, 7.89; N，10.44 %. 
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[Nd(Li)3] (12): 
Anhydrous NdCls (0.52 g, 2.09 mmol) was treated with [{K(L^)(TMEDA)}2] 
(5) (2.36 g，6.26 mmol) to give compound 12 as blue-green crystals. Yield: 0.83 g, 
49 %. M.P.: 138-139。C (dec.). MS (EI, 70 eV): m/z (%) 222 (13.9) [L^].，165 
(100) [L^-Bu^]", 149 (22.4) [L^-Bu'-Me]^, 135 (66.2) [L、Bu'-2Me]+. Anal. Found: 
C, 52.58; H, 7,80; N，10.45 %. Calcd. for CseHesNgSisNd: C，53.49; H, 7.85; N, 
10.39 %. 
[Sm(L')3] (13): 
Anhydrous SmCla (0.33 g，1.30 mmol) was treated with [{Na(L^)(TMEDA)}2] 
(3) (1.40 g, 3.90 mmol) to give compound 13 as greenish-yellow crystals. Yield: 
0.74 g, 70 %. M.P.: 121-123。C (dec.). MS (EI, 70 eV): m/z (%) 222 (6.9) [L^]^ 
165 (100) [ V - B u T , 149 (18.0) [L^-Bu^-Me]^ 135 (54.1) ^H NMR 
(300 MHz, CsDe)： 5 -5.90 (s，3H，SiMe〗)，-4.18 (s, 3H, SiMei), 2.54 (s, 9H, SiBu〜 
0.53 (s，3H, CHs), 5.48 (d，J= 9 Hz, IH, C5H3N), 8.34 (t，J= 9 Hz, IH，C5H3N), 9.87 
( d ， 9 Hz, IH, C5H3N). Anal. Found: C，52.41; H, 7.87; N，10.24 %. Calcd. for 
C36H63N6Si3Sm: C，53.08; H, 7.80; N, 10.31 %. 
[Eii(L1)3] (14): 
Anhydrous EuCls (0.35 g, 1.36 mmol) was treated with [{Na(L^)(TMEDA)}2] 
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(3) (1.47 g, 4.08 mmol) to give compound 14 as red crystals. Yield: 0.85 g, 77 %. 
M.P.: 142-147。C (dec.). MS (EI, 70 eV): m/z (%) 222 (2.4) [V]", 165 (100) 
[L^-BuT, 149 (5.6) [Li-Bu。Me]+，135 (17.4) Anal. Found: C, 
52.66; H，7.94; N，10.42 %. Calcd. for CssHesNsSijEu: C, 52.98; H, 7.78; N，10.29 
%. 
[Gd(Li)3] (15): 
Anhydrous GdCls (0.431 g, 1.63 mmol) was treated with 
:{Na(Li)(TMEDA)}2] (3) (1.77 g, 4.90 mmol) to give compound 15 as blue crystals. 
Yield: 1.02 g, 76 %. M.p.: 116-118。C (dec.). MS (EI, 70 eV): m/z (%) 222 (2.3) 
[lI]+，165 (100) [L^-BuT, 149 (2.5) [L'-Bu^-Me]^ 135 (6.7) [L\-B?-2Me]+. Anal. 
Found: C, 52.64; H, 7.73; N，10.23 %. Calcd. for CseHgsNgSisGd: C, 51.36; H, 7.83; 
N, 10.11 %. 
[Dy(Li)3] (16): 
Anhydrous DyCls (0.551 g， 2.05 mmol) was treated with 
[{Na(Li)(TMEDA)}2] (3) (2.18 g, 6.05 mmol) to give compound 16 as pale green 
crystals. Yield: 1.36 g，80 %. M.p.: 127-130。C (dec.). MS (EI, 70 eV): m/z (%) 
222 (4.5) [L1]+，165 (100) [L^-Bu^, 149 (7.8) [L^-Bu^-Me]^ 135 (22.5), 
rLi-BiiL2Me]+. Anal. Found: C, 51.87; H, 7.76; N, 10.09 %. Calcd. for 
> J 
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C36H63N6Si3Dy: C, 52.30; H, 7.68; N, 10.16 %. 
[Er(Li)3] (17): 
Anhydrous ErCls (0.532 g， 1.95 mmol) was treated with 
[{Na(L^)(TMEDA)}2] (3) (2.11 g, 5.84 mmol) to give compound 17 as pink crystals. 
Yield: 1.42 g, 88 %. M.p.: 136-138。C (dec.). MS (EI, 70 eV): m/z (%) 222 (3.3) 
[l1]+，165 (100) [L^-BuT, 149 (7.1) [L^-Bu'-Me]"", 135 (22.7)，[L^-Bu'-2Me]''. 
Anal. Found: C, 51.96; H, 7.65; N，9.68 %. Calcd. for CseHesNeSisEr: C，52.00; H, 
7.64; N, 10.10%. 
[Yb(Li)3] • 0.5 C6H6 (18): 
Anhydrous YbCls (0.37 g，1.32 mmol) was treated with [{Na(L^)(TMEDA)}2； 
(3) (1.43 g, 3.96 mmol) to give compound 18 as yellow crystals. Yield: 0.99 g, 90 
%. M.p.: 132-138。C (dec.). MS (EI, 70 eV): m/z (%) 222 (6.2) [L卞，165 (100) 
[L^-BuT, 149 (10.9) [L^-Bu'-Me]^ 135 (35.7) [L^-Bu'-lMe]". Anal. Found: C, 
52.14; H, 7.70; N，9.73 %. Calcd. for QjeHssNeSisEu: C，51.65; H, 7.58; N, 10.03 
General Procedures for the Preparation of [(Li)2Ln(//"OBu')2M(TMEDA)j [Ln 
=Ce, M = Na (19); Ln = Nd，M = Na (20); Ln = Nd, M = K (21)] 
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To a stirring suspension of anhydrous LnCb (1 equiv) in THF at 0 °C was 
slowly added a slurry of the alkali metal amide [{M(L^)(TMEDA)}2] (1 equiv) and 
alkali metal ^rM^utyloxide (2 equiv) in THF. The reaction mixture was refluxed 
for 2 days. A l l the volatiles were removed in vacuo and the residue was extracted 
with hexane. The solution was filtered through Celite and then pumped to dryness, 
followed by cooling to -30 °C for 1 day to give the desired products as crystalline 
substances. The crude products were recrystallized from hexane. They were 
isolated, washed with cold hexane, and dried in vacuo, 
[(Li)2CeO-OBii)2Na(TMEDA)] • 0.5 C6H14 (19): 
According to the General Procedure, anhydrous CeCls (0.31 g，1.24 mmol) 
was treated with [{Na(L^)(TMEDA)}2] (3) (0.89 g, 1.24 mmol) and NaOBu' (0.24 g， 
2.50 mmol) to give compound 19 as yellow crystals. Yield: 0.52 g, 48 %• M.p.: 
137-142。C (dec.). MS (EI, 70 eV): m/z (%) 222 (2.1) [!；]+, 165 (100) [L^-Bu^, 
149 (4.39) [L^-Bu^-Me]^ 135 (17.41) [Li-Bu:2Me]+，116.2 (2.28) [TMEDA].，73 
(5.38) [OBUT- Anal. Found: C, 52.64; H, 9.04; N, 9.28 %. Calcd. for 
C38H76N602Si2NaCe: C, 52.59; H，8.76; N, 9.68 %. 
[(L^)2Nd(|i-OBu')2Na(TMEDA)] • 0.5 CsHm (20): 
According to the General Procedure, anhydrous NdCls (0.39 g, 1.54 mmol) 
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was treated with [{Na(L^)(TMEDA)}2] (3) (1.11 g, 1.54 mmol) and NaOBu' (0.30 g, 
3.09 mmol) to give compound 20 as blue crystals. Yield: 0.94 g, 70 %• M.p.: 
138-139。C (dec.). MS (EI, 70 eV): m/z (%) 222 (7.4) [L^]^ 165 (100) [L^-Bu^, 
149 (16.3) [L^-Bu^-Me]^ 135 ( 4 9 . 7 ) ， 1 1 6 . 2 (7.5) [TMEDA]+，73 
(14.8) [OBu':r. Anal. Found: C, 51.88; H, 8.96; N，9.18 %. Calcd. for 
CssHveNgOsSiiNaNd: C, 52.31; H，8.71; N，9.63 %. 
[(L^)2Nd()i-OBu')2K(TMEDA)] • 0.25 C6H14 (21): 
According to the General Procedure, anhydrous NdCU (0.64 g, 2.55 mmol) 
was treated with [{Na(L^)(TMEDA)}2] (3) (1.92 g, 2.55 mmol) and NaOBu^ (0.57 g, 
5.09 mmol) to give compound 21 as blue crystals. Yield: 1.18 g, 88 %. M.p.: 
142-147。C (dec.). MS (EI, 70 eV): m/z (%) 222 (8.3) [1；]+，165 (100) [L^-BuT, 
149 (17.4) [L'-Bu^-Me]^ 135 (42.7), 116.2 (9.2) [TMEDA]+，73 
(20.1) [OBuT. Anal. Found: C, 51.87; H, 8.94; N, 9.68 %. Calcd. for 
C38H76N602Si2KNd: C，51.37; H, 8.62; N，9.45 %• 
Synthesis of [{(Li)2Sm(THF)}2(!i-Cl)2] (22): 
A solution of [{Na(Li)(TMEDA)}2]⑶（1.13 g，3.13 mmol) in THF(15 ml) 
was slowly added to a stirring suspension of anhydrous SmCls (0.40 g，1.57 mmol) in 
the same solvent (15 ml) at 0 °C. The reaction mixture was stirred at room 
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temperature for 1 day to give a yellow cloudy solution. Then, all the volatiles were 
removed in vacuo and the residue was extracted with hot toluene (50 ml). The 
solution was hot filtered through Celite and concentrated to ca. 10 ml. Upon 
standing at room temperature for 1 day, compound 22 was isolated as a yellow 
crystalline substance, which could be recrystallized from toluene/THF. Yield: 0.77 
g, 70 %. M.P.: 131-133。C (dec.). MS (EI, 70 eV): m/z (%) 222 (2.3) [L^]^ 165 
(100) [L^-Bu^]"", 149 (3.9) [L^-Bu'-Me]^ 135 (10.8) Anal. Found: C, 
47.89; H, 7.08; N，7.84 %. Calcd. for C28H5oClN4Si2Sm: C, 48.00; H, 7.19; N，7.99 
%. 
General Procedure for Ring-Opening Polymerization of 8-Caprolactone 
A solution of predried s-caprolactone in toluene was introduced into a 
solution of the homoleptic lanthanide metal amide [Ln(L^)3] [Ln = Eu (14), Er (17)， 
and Yb (18)] or heteroleptic lanthanide metal amide [(L^)2Nd(|i-OBu^)2K(TMEDA)； 
(21) in toluene at 0 The mixture was stirred at room temperature for 1 day, 
followed by quenching with MeOH. The insoluble polymer was collected by 
filtration, dried under vacuum, and then redissolved in THF. The solution was 
filtered through Celite to remove any insoluble impurities that might be present. 
The filtrate was concentrated to ca. 5-10 ml and was added slowly again to MeOH to 
precipitate the polymers. They were collected by filtration and dried in vacuo. 
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CHAPTER 3. 
Preparation of Pyridine Adducts of Zinc(II) Chloride and 
Low-coordinate Zinc(II) Dithiolate and Bis(aryloxide) 
Compounds 
3.1 INTRODUCTION 
3.1.1 General Background 
In recent years, studies of zinc thiolate complexes as structural models for the 
active site of zinc-containing metalloproteins have attracted much i n t e r e s t . T o 
date, a number of zinc-containing enzymes have been isolated and characterized.^'^ 
Among them, the horse liver alcohol dehydrogenase (LAD)〗，、^ has received the 
most extensive studies. The zinc center of LAD is ligated by one histidine and two 
cysteines, resulting in a NS! coordination environment around the metal center. It is 
generally believed that a water molecule may also be present in the coordination 
sphere of the zinc center in the resting state of the enzyme. 
Although a number of zinc thiolate complexes have been reported, 
mononuclear zinc thiolate complexes with a low coordination environment remain 
rare. This may be attributed to the tendency of these complexes to form insoluble 
polymers through strong thiolato bridges.).!! general, sterically hindered thiolate 
ligands such as 2,4,6-Bu'3C6H2S~ have been employed to synthesize low-coordinate 
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zinc thiolate complexes with a low degree of aggregation. The preparation method 
of these low-coordinate bulky zinc(II) thiolate involved protolysis of zinc 
bis(trimethylsilyl)amide with the bulky thiol in a non-coordinating solvent (Scheme 
MW 一 _ 丨 
R R 
[Zn{N(SiMe3)2}2] + Zn S— 
V R q 
K L J 2 
R = Me, Pf, Bu^  
Scheme 3-1 
The first monomeric zinc thiolate complex [Zn(SAr)2(OEt2)] was reported by 
Power et alP A few years later, several monomeric three-coordinate zinc thiolate 
[Zn(SAr)2(2，6-Me2C5H3N)]i4 and [Zn(SAr)2(PMePh2)]'' were reported by 
Bochmann et al (Scheme 3-2). 
/ A A M e — I — z / Z \ 
剛 Zn \ \ /� 丄 \ \丨�
Scheme 3-2 
Corwin and Koch have reported the mononuclear four-coordinate zinc 
thiolate [Zn(SC6H2Pr'3-2，4，6)2(bpy)]i5 (bpy = bipyridine) and 
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[Zn(SC6HMe4-2，3，5，6)2(Me-imid)]i5 (Me-imid = iV-methylimidazole). The similar 
mononuclear [Zn(SAr)2(C5H5N)2]i4 and [Zn(SAr)2(imid)]i4 have also been reported 
by Bochmann et al (Scheme 3-3). 
L = C5H5N, Me-imid 
Scheme 3-3 
The mixed-ligand zinc amide thiolate complexes 
[Zii2{N(SiMe3)2HSC6H2(CF3)3-2，4,6}3],i6 [Zn3{N(SiMe3)2}2{SC6H2PrV2,4,6}4],'' 
have been synthesized and structurally characterized by Griitzmacher et al (Scheme 
3-4). Interestingly, the zinc centers in these complexes exhibit a three-coordinate 
geometry. 
CF3 Pf pr 
r S r ^ 
CF3-Hf~y -Zn ( f ^ Z n — ( M e 3 S i ) 2 N — Z n N(SiMe3)2 




During the course of our studies, two novel three-coordinate zinc(II) 
dithiolate [Zn(SAr)2(L^H)] (25) and bis(aryloxide) [Zn(0Ar^")2(L^H)] (26) have 
been synthesized from the reaction of the pyridine adducts of zinc chloride 
[ZnCl2(L^H)2] (24) [L^H = NH(SiMe3)(2-C5H3N-6-Me)] with ArSLi and Ar^ 'OLi 
(ArMe = 4-Me-2,6- BuSCelt), respectively. 
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3.2 RESULTS AND DISCUSSION 
3.2.1 Synthesis of pyridine adducts of zinc chloride 
Two pyridine adducts of zinc chloride [ZnCl2(LiH)2] (23) and [ZnCl2(L^H)2] 
(24) were prepared as shown in Scheme 3-5. 
N N 
八 1 H 
ZnCU T 
2 equiv X ^ /SiBu^Me. ^ Z n . 
toluene. A , 2 h 
H 
丫 N \ s 旧 
23 
80% 
入 N 人 N , S — 3 
^ 1 H 
ZnCl2 
2 equiv 入 人 , S i M e 。 r x ^ ' ^ i ^ c x 
z N y toluene, A , 2 h CI CI 
H H 




Addition of two equiv of [NH(SiBu'Me2)(2-C5H3N-6-Me)] (L^H) or 
；NH(SiMe3)(2-C5H3N-6-Me)]i7 (L^H) to a stirring suspension of anhydrous ZnCb in 
toluene, followed by refluxing for two hours, gave compounds 23 and 24 as 
colourless crystals. Compounds 23 and 24 are very moisture-sensitive compounds. 
They are soluble in hot toluene and dichloromethane. They have been characterized 
by mass spectrometry, ^H and ^^ C NMR spectroscopy, elemental analysis, in addition 
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to single-crystal X-ray diffraction studies. X-Ray crystallography revealed that 
both 23 and 24 are mononuclear compounds. The zinc center is bound by two 
pyridyl nitrogens and two chloride atoms, resulting in a distorted tetrahedral 
coordination environment around the metal center. 
3.2.2 Synthesis of novel three-coordinate zinc(II) dithiolate and bis(aryloxide) 
complexes 
I 
Attempted reactions of [ZnCl2(L^H)2] (23) with 2 equiv of ArSLi and 
Ar^®OLi in EtiO were unsuccessfiil. Only an intractable oil was obtained after the 
reactions. 
On the other hand, treatment of [ZnCl2(L^H)2] (24) with 2 equiv ArSLi or 
Ar^^OLi in Et20 at -78 °C gave two novel three-coordinate zinc(II) dithiolate 
[Zn(SAr)2(L'H)] (25) and zinc(II) bis(aryloxide) [Zn(0Ar^')2(L'H)] (26)， 
respectively (Scheme 3-6). 
Both compounds 25 and 26 are very sensitive to air. Attempts to obtain 
good quality crystals of 26 for X-ray diffraction study were unsuccessful. On the 
other hand, X-ray crystallographic study revealed that compound 25 is mononuclear 
with two thiolate ligands (ArS一）and one aminopyridine (L^H) ligand coordinating to 
the zinc(II) center. 
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J / A 
2 equiv u s - f V - U H 
, 《 ±八f 
I toluene, -78 °C — R.T. 
n / 人 人 产 / 25 
H / 60% 
C I , 产 CI ( 
丫 丫 口 \SiMe3 \ 
\ 2 equiv u o - h ^ ^ — 
24 \ — [Zn(OArM®)2{NH(SiMe3)(2-C5H3N-6-Me)}] 
toluene, -78 °C 一 R.T. 26 
76% 
Scheme 3-6 
Table 3-1. Some Physical Properties of Compounds 23-26. 
Compound Yield (%) Colour M.p. (。C) 
23 80 Colourless crystals 
145-147 (dec.) 
24 77 Colourless crystals 139-142 (dec.) 
25 60 Colourless crystals 206-208 (dec.) 
26 76 White solid 186-188 (dec.) 
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3.2.3 Physical Characterization of Compounds 23-26 
Compounds 23-26 have been characterized by ^H and ^^ C NMR spectroscopy, 
mass spectrometry (for compounds 23-25), and elemental analysis (for compounds 
23-25), in addition to single-crystal X-ray diffraction analysis (for compounds 
23-25). 
1. NMR Spectra: 
The 1h and ^^ C NMR spectral data for compounds 23-26 are summarized in 
Table 3-2 and Table 3-3. 
The ^H NMR spectrum of compound 23 shows two singlet signals at 0.23 
ppm and 1.00 ppm, which are assigned to the Me and Bu' group of the SiBu'Me2 
substituent, respectively. This indicates that the two Me groups of the SiBu^Mei 
substituents are magnetically equivalent because the Zn(II) center is achiral in 23. 
In compounds 24-26, they show a singlet signal in the range of 0.07 - 0.21 ppm, 
which are assigned to the Me substituent of SiMes group. The signal of the NH 
group was too board to be observed for compounds 23 and 24，but could be 
observable in the range of 4.27 - 5.51 ppm for compounds 25-26. The signal for the 
6-Me substituent on the pyridyl ring falls within the range 1.82 - 2.41 ppm. The 
pyridyl protons of 23-26 show three sets of signals at 5.83 - 6.87 ppm. The ortho 
Bu, substituents of the ArS ligands in compound 25 and those of the Ar^^O ligands 
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in compound 26 show a singlet signal in the range of 1.65 - 1.75 ppm. The para 
Bu^ substituent of the Ar group in 25 shows a signal at 1.41 ppm, whilst the para Me 
substituent of the Ar^® group in 26 elicits a signal at 2,42 ppm. The two aromatic 
protons on the thiolate ligands in compound 25 and the phenolate ligands in 
13 
compound 26 occur at 7.46 ppm and 7.28 ppm, respectively. The C spectra of 
23-26 are normal The low intensity of the signals due to the quaternary carbons in 
the Bu^ and C5H3N moieties is due to their slow relaxation rate. 
2. Mass Spectra (EI，70 eV): 
None of the compounds 23-25 show parent peak signal [M]+ in their mass 
spectra. However, fragmentation peaks due to viz. [L H ]， [ L H-Bu ]，and 
rL^H-Bu^-2Mel^, were observed in the mass spectrum of compound 23. In 
J ， 
compound 24，the ligand peak [L^H]"" and its fragmentation peaks [L^H-Me]"" and 
"L^H-SMe]"^ were observed, whilst in 25 fragmentation peaks such as [M-L^H]^ 































































































































































































































































































































































































































































































































































3.2.4 Molecular Structures of Compounds 23-25 
1. Molecular structures of [ZnCl2(lJH)2] (23) and [ZnChfL^Hh] (24) 
The molecular structures of compound 23 and compound 24 with the 
atom-numbering scheme are shown in Figure 3-1 and Figure 3-2, respectively. 
Selected bond distances (A) and angles (。）for the two compounds are listed in Table 
3-4 and Table 3-5. 
The monomeric compounds 23 and 24 crystallize in a tetragonal crystal 
system with space group 14(1 )/a and in a monoclinic crystal system with the space 
group C2/c，respectively. The zinc(II) center in both compounds is surrounded by 
two pyridyl nitrogens and two chloride atoms, resulting in a highly distorted 
tetrahedral coordination environment around the metal center. 
The Zn-Npyridyi bond distances in 23 and 24 are 2.096(5) A and 2.077⑷ A， 
respectively, which are slightly shorter than that of 2.117 入（average) in 
[(ZnEt)2{N(SiMe3)(2-C5H3N-6-Me)}2].i8 However, they are similar to that of 2.071 
A (average) in [Zn{N(SiMe3)(8-C9H6N)}2]/^ 
The angles N(l)-Zn(l)-Cl( l ) , N(l)-Zn ⑴ -C l ( lA) , N(l)-Zn(l)-N(1A), 
C1(1A)-Zn(l)-Cl(l) in 23 are 105.7(1), 116.2(1), 106.5(3) and 106.86(3)。， 
respectively. In compound 24，the angles N(l)-ZnW-Cl( l)，NW-Zn(l)-Cl( lA)， 
N⑴-Zn(l)-N(1A), C1(1A)-Zn(l)-Cl(l) are 102.6(1)，118.5(1)，108.2(2)，107.4(1)。， 
respectively. 
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Figure 3-1. Molecular structure of [ZnCb {NH(SiBu'Me2)(2-C5H3N-6-Me)}2] (23). 
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Figure 3-2. Molecular structure of [ZnCh {NH(SiMe3)(2-C5H3N-6-Me)}2] (24). 
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Table 3-4. Selected Bond Distances (A) and Angles (。) for Compound 23. 
Zn(l)-N(l) 2.096(5) N(l)-Zn(l)-Cl(l) 105.75(14) 
Zn( l ) -Cl ( l ) 2.2484(19) N( l ) -Zn ⑴ - C l ( l A ) 116.21(14) 
N(2)-C(l) 1.346(8) N( l ) -Zn ⑴ - N ( I A ) 106.5(3) 
N(2)-Si(l) 1.770(6) C1(1A)-Zn(l)-Cl(l) 106.86(3) 
Table 3-5. Selected Bond Distances (A) and Angles for Compound 24. 
Zn( l ) -N( l ) 2.077(4) N ⑴ -Zn ⑴ - C l ( l ) 102.59(11) 
Zn( l ) -Cl ( l ) 2.2616(16) N( l ) -Zn ⑴ - C l ( l A ) 118.45(11) 
N(2)-C(l) 1.375(6) N( l ) -Zn ⑴ - N ( I A ) 108.2(2) 
N(2)-Si(l) 1.751(5) C1(1A)-Zn(l)-Cl(l) 107.41(10) 
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2�Molecular structure of [Zn(SAr)2(L^H)] (25) 
The molecular structure of compound 25 is depicted in Figure 3-3. Selected 
bond distances (A) and angles (°) for the compound are listed in Table 3-6. 
The structure of 25 consists of discrete molecules in a triclinic unit cell. 
There are two independent molecules with the same configuration in an asymmetric 
unit. The three-coordinate Zn(II) atom is bound by two thiolate ligands (ArS ) and 
one amino pyridine ligand (L^H) resulting in a trigonal planar NS2 coordination 
environment around the Zn center (S bond angles = 359.7。). Compounds with 
similar structures to that of 25 have been reported previously. Examples include 
[Zn(SC6H2BuV2,4,6)2(OEt2)]，i3 [Zn(SC6H2BuS-2,4,6)2(N-2,6-Me2C5H3)]'' and 
[Zn(SC6H2Bu'3-2,4,6)2(PMePh2)].i4 
The Zn-S bond distances of 2.217(8)人 and 2.227(8) A in 25 are comparable 
to the previously reported values such as 2.196 入（average) in 
[Zn(SC6H2BuS-2,4，6)2(OEt2)]，i3 2.207(3) A in [ZniSCeUiBu'3-2,4.6)2 
(NC5H3Me2-2，6)]，i4 and 2.218 A (average) in [Zn(SC6H2BuS-2，4，6)2(PMePh2)].i4 
They are only slightly shorter than those of 2.315 A (average) in 
[Zn(SC6H2BuS-2,4,6)2(Me-imid)2]i4 (Me-imid = A^-methylimidazole). 
The Zn-Npyridyi bond distance of 2.175(2) A in 25 is similar to the 
corresponding distance of 2.144(7) A in [Zn(SC6H2BuV2,4，6)2(NC5H3Me2-2，6)]i4 
and 2.117 A (average) in [(ZnEtMN(SiMe3)(2-C5H3N-6-Me)h].i8 However, it is 
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longer than those of 2.048 A (average) in [Zn(SC6H2BuV2，4，6)2(Me-imid)2]，i4 
2.096(5) A in compound 23，and 2.077(4) A in compound 24. 
The S(l)-Zn(l)-S(2) angle of 152.43。in 25 is slightly smaller than the 
corresponding angle observed in the analogous complexes, such as 159.6(1)° in 
[Zn(SC6H2BuV2，4,6)2(OEt2)],i3 and 156.26(4)。 in [Zn(SC6H2BuV2，4，6)2 
(NC5H3Me2-2,6)].i4 However, it is larger than that of 138.2(1)° in 
[Zn(SC6H2BuV2,4,6)2(PMePh2)] 
Table 3-6. Selected Bond Distances (A) and Angles (。）for Compound 25. 
(Molecule I) 
Zn(l)-N ⑴ 2.175(2) N(l)-Zn(l)-S(2) 103.87(5) 
Z n ( l ) - S ( l ) 2.2266(8) N ( l ) - Z n ⑴ - S ( l ) 103.38(5) 
Zn(l)-S(2) 2.2165(8) S(2)-Zn(l)-S ⑵ 152.43(3) 
N(2)-C(l) 1.303(3) C(10)-S ⑴ -Zn ( l ) 108.58(8) 
N(2)-Si ⑴ 1.736(2) C(28)-S(2)-Zn(l) 110.22(6) 
C ⑴ -N( l ) -Zn( l ) 111.40(14) 
(Molecule II) 
Zn(2)-N(3) 2.053(2) N(3)-Zn(2)-S(3) 102.56(6) 
Zii(2)-S(3) 2.1936(9) N(3)-Zn(2)-S(4) 103.69(6) 
Zn(2)-S(4) 2.2359(8) S(3)-Zn(2)-S ⑷ 152.42(3) 
N(4)-C(46) 1.429(3) C(55)-S(3)-Zn(2) 110.45(8) 
N(4)-Si(2) 1.752(2) C(73)-S(4)-Zn(2) 108.39(8) 
C(46)-N(3)-Zn(2) 126.8(2) 
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Figure 3-3. Molecular structure of [Zn(SAr)2 {NH(SiMe3)(2-C5H3N-6-Me)}] (25). 
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Figure 3-3a. The Unit Cell of [Zn(SAr)2{NH(SiMe3)(2-C5H3N-6-Me)}] (25). 
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3.3 EXPERIMENTALS FOR CHAPTER 3 
Materials: 
Anhydrous ZnCh was prepared from the reaction of hydrous ZnCh and 
thionyl chloride. L^H was prepared according to the procedures described in 
Chapter 1. L^H 口 and 2,4,6-BuSC6H2SH ^^  were prepared according to literature 
procedures. 4-Me-2,6-Bu^2C6H20H was purchased from Aldrich and recrystallized 
from hexane before use. 
Synthesis of compounds: 
[ZnCl2(LiH)2] (23): 
To a stirring suspension of anhydrous ZnCh (1.00 g, 7,34 mmol) in toluene 
(30 ml) was added a solution of L^H (3.26 g, 14.7 mmol) in toluene (30 ml). The 
resulting solution was refluxed for 2 h and then hot filtered. The colourless filtrate 
was concentrated to ca. 10 ml. Upon standing at room temperature for 1 day, 
colourless crystals of the title compound was obtained. Yield: 4.01 g (94 %). M.p.: 
145-147�C (dec.). MS (EI, 70 eV): m/z (%) 221 (2.7) [L^H]^ 164 (100) [L^H-Bu^]"', 
134 (8.7) [L^H-Bu^-2 Me]"". ^H NMR (300 MHz, CgDs): 6 0.23 (s, 6H, SiMei), 1.00 
(s, 9H，SiBu')，2.41 (s, 3H, CH3), 5.96 (d，J= 7.2 Hz, IH, C5H3N), 6.34 (d, J = 8.7 
Hz, IH, C5H3N)，6.83 (t, J = 7.8 Hz, IH, C5H3N). ''C NMR (75.467 MHz, CeDe): 
6 -4.2 {SiMeil 19.2 (SiCMes), 24.5 (Me), 26.6 (SiCM^s) 110.2, 114.2, 139.6，156.2, 
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161.1 (C5H3N). Anal. Found: C, 49.54; H, 7.75; N, 9.89 %• Calcd. for 
C24H44Cl2N4Si2Zn: C，49.61; H, 7.63; N，9.64 %. 
[ZnCl2(L'H)2] (24): 
To a stirring suspension of anhydrous ZnCh (0.70 g, 5.14 mmol) in toluene 
(30 ml) was slowly added a solution ofL^H (1.85 g, 10.3 mmol) in toluene (30 ml). 
The resulting solution was refluxed for 1 h and then hot filtered. The colourless 
solution was concentrated to ca. 10 ml and left at room temperature for 1 day to give 
compound 24 as colourless crystals. Yield: 1.8 g (70 %). M.p.: 139-142 (dec.). 
MS (EI, 70 eV): m/z (%) 179 (5.4) [ I^H]., 164 (100) [L^H-Me]^ 134 (8.4) [L^H-3 
Me].. iH NMR (300 MHz, CeDe)： 5 0.21 (s, 9H, SiMes), 2.44 (s, 3H, CH3), 5.93 (d， 
J =7.2 Hz, IH, C5H3N), 6.14 (d, J = 8.4 Hz, IH, C5H3N), 6.79 (t, J = 7 . 8 Hz, IH, 
C5H3N). 13c NMR (75.475 MHz, CsDs): 5 0.03 (S她3)，24.5 109.3，114.0’ 
140.0，156.2，161.1 (C5H3N). Anal. Found: C，43.69; H, 6.46; N，11.41 %. Calcd. 
for Ci8H3oCl2N4Si2Zn: C, 43.75; H, 6.48; N, 11.33 %• 
[Zn(SAr)2(L3H)�（25): 
To a solution of 2,4,6-BuSC6H2SH (0.40 g, 1.44 mmol) in ether (20 ml) 
at -78 °C was added dropwise a solution of LiBu" in hexane (0.9 ml, 1.6 M, 1.44 
mmol). The resultant colourless solution was stirred at room temperature for 6 h 
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and was slowly added to a solution of [ZnCl2(L^H)2] (0.36 g，0.72 mmol) in Et20 (20 
ml) at -78 The resulting white cloudy mixture was stirred at room temperature 
for a further period of 10 h. The mixture was filtered and all the volatiles were 
removed in vacuo. The residue was redissolved in hexane and concentrated to ca. 
10 ml under a reduced pressure to give compound 25 as colourless crystals. Yield: 
0.35 g (60 %). M.P.: 206-208。C (dec.). MS (EI, 70 eV): m/z (%) 619 (4) 
[M-L3h]+，342 (0.7) [M-L'H-ArS]^ 278 (43) [ArS]+. ^H NMR (300 MHz, CeDe)： 5 
0.21 (s, 9H, SiMes), 1.41 (s， im,p-Bu% 1.75 (s，36H，o-Bu% 1.82 (s，3H, Me), 5.51 
(br, IH, NH), 5.83 (d, J二 6.6 Hz, IH, C5H3N), 6.03(d,J= 8.4 Hz, IH, C5H3N), 6.66 
(t, J = 7.7 Hz, IH, C5H3N), 7.46 (s, 4H，CeH〗).''C NMR (75.467 MHz, CsDe): 5 
-0.4 (SiMes), 24.0 (Me), 31.9 (p-CM幻)，32.3 (o-CM幻)，34.9 (p-CMes), 38.5 
(o-CMes), 108.8，113.6，134.1，140.2, 156.0 (C5H3N), 122.0, 146.1，152.8 158.9 
(C6H2). Anal. Found: C, 66.38; H，9.24; N，3.88 %. Calcd. for C45H74N2S2SiZn: 
C, 67.50; H, 9.32; N, 3.50%. 
[Zn(OAr^^2(L'H)] (26): 
To a solution of 4-Me-2，6-Bu,2C6H20H (0.45 g，2.0 mmol) in ether (20 ml) 
at -78 °C was added dropwise a solution of LiBu" in hexane (1.3 ml, 1.6 M，2.0 
mmol). The resulting colourless solution was stirred at room temperature for 6 h. 
Then it was slowly added to a solution of [ZnCl2(L^H)2] (0.51 g, 1.02 mmol) in EtzO 
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(20 ml) at -78 After the addition had been completed, the resultant white 
cloudy mixture was further stirred at room temperature for 10 h. It was filtered and 
all the volatiles were removed in vacuo. The residue was redissolved in hexane. 
Upon concentration to ca. 10 ml under a reduced pressure, colourless crystals of the 
title compound were isolated. Yield: 0.6 g (76 %). M.p.: 186-188 (dec.). ^H 
NMR (300 MHz, CeDe): 5 0.07 (s，9H，SiMes), 0.56 (t, J = 6.9 Hz, 6H，EtsO), 1.65 (s, 
36H，Bu)’ 2.13 (s，3H，Me), 2.42 (s，6H，p-CH3)，3.02 (q, J = 6.9 Hz, 4H，Et:。)，4.27 
(br, IH, NH), 6.02 (d，J= 8.4 Hz, IH, C5H3N), 6.86(d，J= 7.2 Hz, IH, C5H3N), 6.87 
(t, J = 7.8 Hz, IH, C5H3N), 7.28 (s，4H, C6H2). ^'C NMR (75.467 MHz，CeDe)： 5 
-0.4 (SiMes), 13.4 {EhO), 21.7 (p-CHs), 24.5 {Me\ 32.1 (CMe》，35.6 (CMes), 63.4 
(及2O), 107.9，112.8, 137.6，138.2，163.1 (C5H3N), 121.7，126.3，157.8，160.0 { 0 啦 . 
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CHAPTER 4. 
SUMMARY OF THIS RESEARCH WORK 
In this research work, 24 new compounds, including 7 new heavier alkali metal 
amides, 13 lanthanide(III) metal amides and 4 zinc(II) compounds, have been 
synthesized and characterized. 
The heavier alkali metal amides 3 to 9 were synthesized by direct metalllation of 
the two sterically bulky ligand precursors, [HN(SiBu'Me2)(2-C5H3N-6-Me) (1) and 
[HN(SiBu'Me2)(8-C9H6N)] (2)，with Bu"Na and Bu"K, respectively. 
The homoleptic lanthanide metal amides 10 to 18 were preparaed by adding 3 
equiv. of compounds 3 or 5 to the appropriate lanthanide(III) metal chlorides. The 
heterleptic lanthanide metal amides 19 to 21 were synthesized by adding a mixture of 
compounds 3 or 5 (1 equiv.) and MOBu' (M = Na, K) (2 equiv.) to one equiv. of 
cerium(III) chloride or neodymium(III) chloride, respectively. Furthermore the 
heteroleptic samarium (III) metal amide 22 was synthesized by the reaction of one 
equiv. of compound 3 with one equiv. samarium(III) chloride. 
The two pyridine adducts of zinc(II) chloride 23 and 24 were prepared by 
wanning a mixture of two equiv. of the ligand precursor 1 or [HN(SiMe3)(2-
C5H3N-6-Me)] with anhydrous zinc(II) chloride in toluene. And the two novel three-
coordinate zinc(II) dithiolate 25 and bisaryloxide 26 complexes were subsequently 
synthesized. 
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The compounds have been characterized by ^H and ^^ C NMR spectroscopy, mass 
spectrometry, elemental analyses, in addition to X-ray crystallography (for 3，5, 7, 10-
25). 
The reactivity of the gadolinium metal amide 15 toward oxidation of catechol to 
benzoquinone by molecular oxygen had been studied. The oxidation reactions were 
monitored by Uv/Vis spectroscopy. On the other hand, the catalytic reactivity of the 
lanthanide metal amides towards the ring-opening polymerization of s-caprolactone has 
also been investigated. Some of these lanthanide metal amides were shown to be active 
catalysts which could produce biodegradable polyesters with a high molecular weight 
and a "living" nature. 
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Appendix 1 
General Procedures and Physical Measurements 
Al l manipulations were carried out under a purified dinitrogen atmosphere 
using standard Schlenk techniques or in a glove box. Solvents were dried over 
sodium wires and freshly distilled under nitrogen from calcium hydride (hexane), 
sodium benzophenone (EtzO, THF and toluene), and degassed twice prior to use. 
Deuterated benzene were dried over sodium metal and stored under nitrogen. 
1h and ^^ C NMR spectra were recorded on Bruker DPX 300 spectrometer at 
300.13 MHz and 75.47 MHz, respectively. A l l spectra were recorded in CDCI3 or 
CeDe solution with chemical shifts 6 referenced to residual solvent protons at 7.26 
and 7.16 ppm (^H NMR), and 128.0 and 77.0 ppm (^^C NMR), respectively. Mass 
spectra were obtained on a HP 5989B MS Engine (EI, 70 eV). UV-Vis spectra 
were recorded on a Beckman DU 7500 spectrophotometer using quartz cells of 1 cm 
pathlength. Elemental analyses for C, H, N were performed by MEDAC Ltd., 
Brunei University, UK. Melting points were recorded on an Electrothermal melting 
point apparatus and were uncorrected. 
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Appendix 2 
Table A-1. Selected Crystallographic Data for Compounds 3，5, 7 ,10 and 11. 
Table A-2. Selected Crystallographic Data for Compounds 12-16. 
Table A-3. Selected Crystallographic Data for Compounds 17-21. 
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